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TO 

THOSE LONG-SUFFBBING RATEPAYERS THE WORLD OVER, 
OF ^VHOM IT WAS WRITTEN : 

“We scratcli not our pates, 

Nor repine at the rates 

Our superiors impose on our living, 

But do frankly submit, 

Knowing they have more wit 

In demanding, than we have in giving.’' 



PREFACE. 


In the populous centres of every civilised country the problem of sanitary 
refuse disposal is present in a more or less acute form, and, coincidently 
with the ever-increasing demand for sanitary efficiency, the interest in 
final and sanitary refuse disposal is extending rajDidly. 

This work, which is primarily intended as a review of modern 
practice in refuse disposal, has been undertaken by the author at the 
request of many engineers, both at home and abroad. 

An experience of nearly twenty years in cembustion engineering, and 
an intimate knowledge of the many j^i'oblems which have liad to be 
faced in the evolution of the modern Refuse Destructor during the past 
eighteen years, makes it necessary for the author to express some very 
definite opinions, and to discuss much which is of a controversial nature. 

Eight years ago, the author was responsible for a work^ which fully 
discussed the position at that time ; during the past seven years, how- 
ever, very rapid progress has been made, and many improvements have 
been introduced. 

Tlie remarkable develoj)ments with British Destructors in tlie United 
States, the evolution of the German Destructor, and mucli jDrogress in 
Continental countries and in British Colonies, are but typical of mucli 
that has been accomplished during this comparatively sliort period. 

To one who has been closely identified with the development of 
some of the most valuable features in the design of tlie modern 
destructor for many years past, it is of special interest to be able to 
place on record the proved superiority of the British Destructor in many 
countries, and under difficult and widely varying conditions. 

1 Refuse Dis'poscd and Power Production^ publislied by Messrs A. Constable & Co., 
Ltd., London. 
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To many engineers, both at home and abroad, who have veiy kindly 
placed at tlie disposal of the author much data and many illustrations, ho 
devSires to tender his smceie thanks 

Every caie lias been taken to include authentic figures only, but it 
is possible in the airangeiuent of many tables and much data that 
mistakes have aiiseii vShould any inaccuiate figures be detected, the 
autlior would be pleased to have the same brought under Ins notice for 
future correction 

W FRANCIS GOODRICH. 

Monmouth Lodge, Watpoud 
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CHAPTER I. 

SOME ALTERNATIVE METHODS OF REFUSE DISPOSAL. 

Judging by the attitude of the Local Government Board towards local 
authorities seeking application for sanction to obtain loans for refuse- 
disposal purposes, it is perfectly clear that this Government department 
have but little sympathy with any method of disposal other than by 
tlio provision of refuse destructors. 

The following extract from the Weston-super-Mare Gazette, dated 
September 17, 1910, illustrates the attitude of the Local Government 
Board : — 

‘‘LOCAL GOVERNMENT BOARD’S DECISION. 

“NO SANCTION TO LOAN UNTIL REFUSE DESTRUCTOR PROVIDED. 

“At a meeting of the works committee held on the 12th inst., a letter 
was read from the Local Government Board stating that they proposed 
to defer their decision in the matter of the council’s application for 
sanction to borrow sums amounting to £2365 for the provision of 
additional shelters on the Marine Parade and the extension of the 
public convenience opposite Richmond Street, 'lOTitil the questionn of the 
'provision by the district conncil of a refuse destructor and of a new 
abattoir had been settled.” 

What ai-e the alternative methods of refuse disposal ? Briefly, they 
may be described as tipping on land, tipping at sea, and the pulverising 
and conversion of refuse into manure. 

It will be observed that the Local Government Board ignore these 
alternatives, and specify the provision of a refuse destructor ; and tlie 
Weston-super-Mare Council is not by any means the first or only councdl 
to receive such advice from the Local Government Board. 

The sanitarian will note with interest that the Local Government 
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Board attach far more importance to sanitation in connection with a 
health resort than the provision of shelters on the Parade ; and, unwelcome 
and disappointing as their attitude may he to the Weston-super-Mare 
Council, it will appear to every thinking person as perfectly logical and 
correct. 

For many years past the refuse of this well-known seaside resort 
has been tipped on land ; and while the council have done much to attract 
visitors, they have consistently neglected to provide for the final and 
sanitary disposal of their refuse. 

Although Weston-super-Mare has been singled out for rebuke by the 
Local Government Board, it is but one of a great number of so-called 
health resorts in Great Britain which are concerned with all manner of 
improvements other than sanitary ones, and many of them will continue 
to pursue this course until they find themselves in the same position as 
W eston-super-Mare. 

At many of our so-called seaside resorts it is wise to restrict one's 
perambulations to the Parade and the centre of the town, for on the out- 
skirts many a beauty spot is marred by the presence of the accumulated 
decomposing refuse of years. An evil, unsightly mass will be found in 
a field by the roadside — here is the town tip. It may comprise hundreds 
of tons, or it may be thousands of tons, of foul-smelling, putrefying 
waste. Do not Jblame the town surveyor; it is not a monument which 
he ha^ erected with any pride or satisfaction. He has reported thereon 
maybe a score of times to the council, and has prepared schemes pro- 
viding for final and sanitarj?^ disposal, sometimes at less cost, but the 
council prefer their “ monument of municipal wisdom." 

A long and extensive experience of councils, both from within and 
without, has convinced the author that, as a general rule, they know 
little and care less about sanitation. Property owners, who are found 
on every council, too often resist expenditure for selfish personal ends, 
and in seaside and health resorts their efforbs are directed towards the 
provision of so-called attractions, which, while involving expenditure, 
bring grist to the mill, inasmuch as those who own property are those 
who gain by an influx of population and visitors. 

Having in mind that the tipping of refuse has been condemned again 
and again by the Local Government Board, and by medical officers of 
health from Land's End to John o' Groats, it is deplorable to find hundreds 
of local authorities still persisting in this insanitary method of disposal. 

At a recent Local Government Board inquiry in a well-known and 
prosperous Yorkshire town for sanction to borrow the sum of £1150 for 
the purchase of land for a refuse tip, one of the interesting arguments 
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advanced in favour of tlie council’s application was that the tip in 
question ‘'would meet all requirements for one hundred and fifteen 
years.” The fact that this same council were being urged to provide a 
refuse destructor appeared to possess no interest at all for them ; so 
enamoured of an insanitary system were they that they did their best to 
make certain that it should be the system for another century. 

The following extracts from the press afford interesting testimony as 
to the evils of accumulating refuse : — 

South Wales Daily News, October 19, 1910: — 

“PLAYING ABOUT REFUSE TIPS. 

“ NEWPORT PRECAUTIONS. 

“At a meeting of the Newport Health Committee yesterday the 
question of disease being spread through children playing about the 
refuse tips was discussed. The town’s refuse is deposited at St Julians 
and Crindau, and about twelve months ago the sanitary committee recom- 
mended the council to purchase a refuse destructor. The council did not 
accept the recommendation, and at yesterday’s meeting it was decided to 
place men near the tips to keep the children away. Meanwhile the com- 
mittee are unanimously of opinion that a destructor should be acquired.” 

South Wales Echo : — 

“DEATH AT A REFUSE TIP. 

“The inquest of the body of William Webbe, labourer, who died on 
the refuse tip in Waterloo Road, Cardiff, yesterday, was held this after- 
noon, when medical evidence showed that the deceased succumbed to 
lieart disease, accelerated by the heat and the smell from the refused 

TliC Flixton Telegraph : — 

“ A report was presented to the committee, showing that within a 
radius of 200 yards from the existing tip there had been fourteen eases 
of scarlet fever and eight cases of diphtheria — two of the latter proving 
fatal — in a period of eighteen months.” 

The Times, January 13, 1911 : — 

“THE RAT DANGER.1 

“REFUSE TIP AT LICHFIELD. 

“ At a meeting of the Lichfield City Council last night, correspondence 
with Captain W. B. Harrison of Aldersham was read, who complained of 

^ The Lichfield Corporation have since decided to erect a destructor. 
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the damage done to crops by rats from the corporation refuse tip at 
Femley Pits. He declared that rats were in such abundance as to 
constitute a grave danger to the public health, and to make the continued 
maintenance of the corporation tip a public scandal. 

'' Mr H. Winterton, chairman of the sanitary committee, said the rats 
had become so numerous at the tip as to make it a veritable plague spot, 
and this opinion was endorsed by Drs Morgan and Welchman.” 

The Municipal Journal, June 1, 1906: — 

« COVENTRY REFUSE TIPS— AN OBNOXIOUS METHOD.^ 

“In his annual report the medical officer of the city of Coventry, 
Dr E. H. Snell, calls attention to the obnoxious method of getting rid of 
the ref use by tipping it in huge accumulations on the confines of the city. 

“ Quite a number of rag pickers find employment by sorting over the 
heaps and bringing back into the city everything in the nature of rags 
which can be sold to rag dealers; the ofiensiveness of much of this 
material is not a matter of moment to them. The drainage from these 
accumulations is highly objectionable. It partly enters the city sewers, 
partly drains into the canal, and partly into other channels so situated 
that they receive it.” 

The Freeman's Journal : — 

“BLACKROCK URBAN DISTRICT COUNCIL. 

“DUMPING REFUSE IN THE PARK. 

“A meeting of this council was held for the purpose of considering a 
recommendation sent up by the committee ap])ointed to consider the 
best means of disposing of the township refuse. 

“ The report of the committee suggested that a wooden dam should be 
erected across the pond in tlie park at about 80 yards distant from its 
west end, and that the portion enclosed should be filled up to a height of 
about 40 feet with refuse and enclosed with a hoarding. 

“It was proposed that the committee's report should be adopted. 
They had a lovely park, and they should make it attractive to resldsnts 
and visitors. They should instruct the police to prevent tlic depositing 
of dead dogs, or cats, or donkeys in the park. 

“ Ultimately the report was adopted.” 

The Melbourne Argus : — 

“ Cows that pick up a precarious livelihood from the varied but not 
very nutritious resources of corporation tips not unnaturally develop a 
^ The Coventry Corporation have since erected a destructor. 
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taste for onions in preference to jani tins or old boots, which generally 
form the staj^le of these unscivoury heaj^s. Not having any particular 
susceptibilities on the subject of a pungent breath, the result is no doubt 
satisfactory to the cow, but it is not so to the milk consumer. 

At the meeting of the Port Melbourne Council last night complaint 
was made by several local cowkeepers wlio, it seems, select this sort of 
pasturage for their animals, that owing to the cows eating the onions so 
temptingly deposited on the garbage tip at Fisherman’s Bend, the 
evening’s milk for several days past liad been unfit for use. They 
suggested the erection of a fence round the tip. In view of this 
disgusting disclosure, the Mayor-Councillor Hester strongly recommended 
the Government fencing its grazing area on the bend, as it received dues 
from the owners of cattle grazing there. Councillor Armstrong said he 
had seen the tip that day, and it was in a most disgraceful condition. It 
was shocking to think that householders should have to consume milk 
tainted in such a manner.” 

The foregoing are but a few out of many extraordinary reports 
concerning the tipjiing of refuse ; comment thereon is unnecessary. 

In the tipping of refuse many municipal authorities show an utter 
disregard for the consequences, and there is a growing tendency to inflict 
the refuse on other communities foolish enough to permit the same to be 
deposited within their area. 

Many of the London boroughs thus get rid of their refuse through 
contractors, twenty and even thirty miles out of the Metropolis ; the foul 
miasma arising from vast heaps of London refuse pollutes the 
atmosphere o£ the countryside, and on more than one occasion has been 
the subject of litigation. 

Commenting upon the decision of the borough of Richmond, Surrey, 
to thus get rid of their refuse, the following editorial notes from The 
Siirveyor are of interest : — 

‘‘ The existing state of affairs is, then, that Richmond is to rid itself 
of its house refuse by dumping it, in all its pristine vigour of aroma, 
within the confines of other districts. Upon what community it may be 
inflicted is a detail which concerns Richmond least of all, and whether 
their contractor scatters his 8000 tons of miscellaneous filth broadcast 
over the surface of the country, whether he dumps it in one gigantic 
heap in some adjoining district, or whether he dispenses his favours by 
depositing it on the instalment system in a number of districts, is, to 
Richmond, one and the same thing. In eight years much may happen, 
including sporadic outbreaks of zymotic disease arising from the dumped 
deposits from the borough of Richmond. . . . However, it is only for 
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eight years, and perhaps ere that period has flown communities will bo 
forced by legal enactment to dispose of their own refuse, and no longer bo 
allowed to resort to the objectionable and injurious practice of tipping/’ 
One of the most objectionable and dangerous features of refuso 
tipping is the fly pest. It is common knowledge that the common Ry 
multiplies at an alarming rate, and those who are at all familiar witlA 



refuse tipping will be well aware that myriads of flies are found on- 
refuse heaps. 

Some few years since Dr Nash, the present county medical ofEcex* 
of health for Norfolk, wlio at the time in question was medical officer’* 
of health for the borough of Southend-on-Sea, was much concerned witb 
the rate of mortality in houses adjacent to the refuse tips, and, after- 
much patient investigation, he came to the conclusion that the trouble 
was due to the contamination of food by flies from the refuse tips 
entering the open windows of the adjacent houses. 
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The spot map, fig. 1, was prepared by Dr Nash ; each spot indicates a 
house wliere a death occurred during a comparatively short period, the 
deaths being attributed by Dr Nash to tlie fly trouble. 

The following extract from the Daily Mail, dated June 3, 1911, 
affords ample confirmation of the opinion of those medical men who 
have long contended that flies from refuse tips are responsible for 
the spreading of disease. Tliis is especially interesting at a time when 
there is a tendency to disregard the oj)inion of many eminent medical 
officers of health. 

“ Tile plague of flies at Postwick, near Norwicli, last summer was 



Fid. 2. — East Loudon — a Refuse Tip, now converted into a recreation ground. 

sliown by experiments to be due to the presence of a large heap of 
refuse about half a mile away. 

Some of the flies travelled (according to a Local Oovernment Report 
issued yesterday) 1700 yards, crossing the river Yare and a hill. Ex- 
periments show that infected flies, both house-flies and blow-flies, are 
capable of infecting fluids such as milk and syrup, on which they feed 
and into which they falD' 

Fig. 2 illustrates a refuse tip in East London which was, until 
recently, the daily resort of a considerable number of children, who 
carefully sorted the material and extracted therefrom various articles, 
whicli were sold. Owing to the personal interest and suggestions of 
the president of the Local Government Board, the Right Hon. John 
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BiiruM, M.P., the fcii)pino^ ol* roruse has ceased, and the land has been 
corivert(‘(l into a public park. 

At a Local Government tloai'd impiiry at Newtown, Monto^omery, on 
April 22, 1009, conceniino* the application oE the council for sanction 
to borrow X()()0 for the })rovisi()n of a refuse destructor, the medical 
ollicer of liealth, when giving evidence in supj)ort of the councils 
proposa,ls, made tlie followino- observations; — 

‘■'Th(‘ present tip bn^d Hies which carried infection; it was nc^ar to 
al)Out 100 lioiis(‘s, and was inlested with rats, which forced their way 
into the adjoining cemetery.” 

In his annual report I’oj* 1009 tlie medical officer of health for 
Droylsden said: “tlu‘ tip])ino- of rerus<‘. is most objectionable; and not 
only is it a nuisance to the inhabitants, but it is becoming a source of 
danger to tlie public luailth.”^ 

So much for tipping on land, a systiun which would come to a speedy 
(iud if th()S(‘. who represent the ])iiblic could only be brought to realise 
that their first and rorennost considmution must be the public health, 

DISPOSAL AT SEA. 

''File tip])ing of rtduse at sea is a method of disposal wliich has never 
ma(h‘. much hc^adway in Kngland, and is being gradually abandoned. 

^riu^ Local G()V(u*nm(uit Hoard have shown, in connection with more 
than oiu' loan applic-ation for refuse barges, that they are no more satis- 
fied with th(‘ tipping of rid’usi^ into water than depositing it on the land. 

Sonui fi^w y(‘aT‘s sinci^ the Teignmouth Urban District Council having 
made appliciition to thc^ Local Goviirjnuent Board for sanction to borrow 
the sum of X()()() for th(‘, provision of a refuse barge, were requested 
to furnisli tlio board willi (I) a plan of tlic barge, and (2) a guarantee 
that none of th(3 rtd’use would come back on the shore. The ''Foignmouth 
Council withdrew their application. 

Hie Corporation of Plymouth used a hopper barge having a capacity 
of 190 tons for some time, the cost of disposal being Is. 7d. per ton. 
Owing to s(u*i<)us accumulations of refuse at the depot during rough 
weather, and complaints concerning the fouling of the tiahing grounds 
with refuse duuqied at sea, this method of disposal was abandoned in 
favour of a destructor. 

Recently, in connection with towns on the Pacific seaboard of the 
United State's, it has been decided that all refuse dumped at sea must 
be deposited at least twenty miles out. 

For many years the Department of Street Cleaning of the city of 
^ Tlio Droylsden Urluiii Districi Coimoil Imvo 
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Now York sent vast quantities of rubbish out to sea; the filthy con- 
dition of beaches owing to the drifting back of a great deal of mis- 
cellaneous waste, followed by continual and serious complaints, led to 
the abandonment of this method of disposal. 

For some years the Corporation of Dover dumped the refuse of that 
town some three miles out in the Channel. Fig. 3 is a view of one of 
the Dover Corporation refuse barges. The following is an extract from 
The Dover Exjpre^'^s, dated January 14^, 1905 : — 

“ Councillor W. Bradley said there was another matter he wished to 



Fig. 3.— Refuse Barge (Dover Corporation). 


refer to in the presence of the medical officer. He had received more 
than one complaint since the scavenging barge had been placed in the 
corner of the pent, near the junction of Northampton Street and 
Commercial Quay. The barge lay there for days, and a very objection- 
able stench arose from it, to the detriment of the inhabitants in the 
immediate neighbourhood. He asked that it should be taken to some 
otlier part of the harbour, not so near dwelling-houses. Alderman 
Bussey said that, until recently, it had been kept at the top end of the 
pent, which was even more objectionable. 

‘‘ The medical officer said it was fifteen years since he recommended a 
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iestructor ; there was one at Leeds, where he came from, and one at 
Folkestone. He thought Dover very behindhand in not having a 
Iestructor ; ' it is one of the most important things you want.’ ” 

In 1907 the Corporation of Aberavon found it a very difficult matter 
;0 convince the Swansea Corporation that the refuse barged out to sea 
*rom Swansea was being washed up on the Aberavon beach. In order 
-0 definitely settle the question, the sanitary inspector of Aberavon went 
)ut to sea in one of the Swansea barges and deposited coke in wire 
letting and sealed receptacles which were then thrown overboard with 
he refuse. During the high tides which subsequently prevailed the 
leach at Aberavon was strewn with the black refuse. Between the two 
)iers, and for two miles below the north pier, the sands were covered 
vith ashes and other rubbish, among which were discovered some of the 
ealed packages which had been dropped out at sea. 

The Corporation of Liverpool still send some of their refuse to sea ; 
uring 1909 the “Beta” thus disposed of 28,558 tons. Duidng the 
wenty-six years this barge has been in service 5200 trips have been 
lade, the total mileage being 281,200, and no less than 1,852,000 tons of 
iverpool refuse have been dumped at sea. 

The “Beta” has a hopper capacity of 380 tons, and all refuse is 
umped one mile or so beyond the N.W. lightship. It should be noted 
liat while the Liverpool Corporation disposed of 28,528 tons of refuse at 
3a during 1909, no less than 206,000 tons were destroyed in their six 
sfuse destructoi's. 

While sea disposal, as conducted at Liverpool, cannot be termed 
nsatisfactory, the fact remains that in almost every other place where 
1 has been tried it has been proved to be very unsatisfactory. The 
•oublesorne features have been (1) the nuisance in the barge or at the 
3p6t while the refuse is being accumulated to make up a cargo. (2) The 
aisance — occasionally very serious — due to inclement weather and 
)nsequent delay in proceeding to sea. (3) The washing up of quantities 
‘ refuse on beaches, in some cases a considerable distance from the point 
/ which the material is dumped. 

REFUSE PULVERISING FOR MANURIAL PURPOSES. 

Although introduced in this country some years ago, this method of 
sposal has generally failed to carry conviction as a system which is a 
tisfactory alternative to disposal by fire. At this time, after exploita- 
3 n for some years in France, it is found that provision must be made 
r burning either some portions of the refuse all the time, or for burnine: 
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the wliolc of Uu‘ reruHi' at such times as tlie demand for the maimrc falls 
oH’ and it is upon suc.li lines, witli combined destructor and pulveriser 
works, tliat Uu' important Krench company, the t^ocietA Oeiierale (hn 
bhnjrtviH ()r(/<( Niqvi's, is now optuatin^. In Loudon the “Lightning dust 
manipulator” was adoptcul by the Metropolitan horougli of Soxithwark 
in nK)(>. This a[)paratus, whi(*,h was hrst known as tlie “Clero” crusher, 
was originally (U^sigiu'd for the pulverising of minerals, and consists of a 
strong (-ast-iron box, in which rapidly revolving liammers arc contained. 
Tlu' refus(‘ is shov(‘ll(^d into a hopper, and falls under the hammers and 
against the hn^aking block. ^Phe hn^aking up of the material takes place 
h(‘.tween the hamiiuM-s and the breaking block, the friction of tlie parts 
while in suspension assisting th(‘, disintegration. ^Phe hnal pulverisation 
is e11ect(‘d by trituration Ix^, tween the hammers and some of the 
lining plate's. 

The main feature's of thes macliine arc the special alloy steel horizontal 
swing hamnu'rs, connecU'd at their extremities with two parallel heavy 
discs, which a<*t as lly wheels, and turn with the sliaft to which they are 
k('yc(l at a sp('(‘d of from 1000 to 1200 revolutions per minute. 

That th('- refuse is w(dl pulverised is beyond question, but there are a 
number of points which demand consideration in connection with such a 
method of disposal. 

''Plu'. cost of the Houthwark installation as originally designed was 
.£2100, which sum included the pulverisers, motors, conveyors, and tlie 
buildings, the capacity of the plant being 40 tons daily. 

1110 working cost as given by Mr A. Harrison, the borough engineer 
of Southwark, is as follows: 

lillectric pow(U’ at one penny per unit 8 pence per ton. 

fjabour 18 „ „ „ 

Heaters, grids, and reipairs . . 3 „ „ „ 

Oil and sundries .... 1 penny „ „ 

'’J'^otal 28. Id. per ton. 

It will h<^ observed that the consumption of -current per ton of refuse 
pulverised is 8 Board of ''Prade units, while the price per unit is low ; the 
labour figure is high, and would be a good average, if not rather above 
the average, for a rofus(i destructor, while the cost of beaters, grids, and 
repairs is a serious item. 

Tlie above figures appciar to be the average during the first eighteen 
months' operation, during which time 10,802 tons of pulverised refuse 
manure were sold at an average price of 2s. 4d. per ton, out of which 
Is. 9d. per ton had to bo paid for carriage, thus leaving 7d. per ton net 
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revenue to set against the oiDeration cost oi 2s. Id. per ton, excluding the 
capital charges. 

Mr Harrison estimates tliat 5 per cent, ot* tlio material received at 
the Southwark Works is too largo for the machines and has to be 
disposed of otherwise. 

It is very important that disused iloor covering, mattresses, 
bedding, and large carcases should be linally disposed of , and while such 
are being disposed of daily in refuse destructors, it would seem that they 
cannot be dealt with in the pulveriser. 

In considering the adoption of tlie pulveriser system it is obvious 
that one of the most important points to be decided is whether or not 
the manure can be disposed of, not for a limited period, nor for a few 
months each year, but constantly and always. Is its composition such 
that it is suitable or beneficial for any soil Is its composition fixed or 
does it vary ? For it must be borne in mind that there are many 
artificial manures on the market of known and unvarying composition 
and proved value. 

Another important point is, Where can it bo sold ? The figures 
already quoted in connection with tlic Southwark sales indicate that 
the cost of carriage, even for a comiDarativcly short distance, may be 
such as to leave but a small margin ; and if tlic market has to be found 
at a distance, then the sale price must be such as will cover the cost of 
carriage, or the transaction must obviously be an unprofitable one. 

The following report prepared for the Corporation of Chester by 
Mr T. J. Young, of the Holmes Cliapel College, and Mr S. E. Britton, 
the borough electrical engineer of Chester, discusses the analysis, etc., of 
pulverised refuse from the Southwark Works. 

The Chester Goivrant, December 28, 1910: — 

“The Chester Town Council minutes just issued disclose a fresh out- 
burst of activity by the refuse destructor committee. A deputation 
recently was appointed to visit the refuse crushers installed at Southwark, 
ivhile Mr T. J. Young, Principal of the Holmes Chapel College, was 
engaged to make a formal analysis and report upon a sample of crushed 
'efuse from Southwark, and a sample of sewage sludge from the sewage 
iisposal works, Chester. Mr Young reported as follows : — 

“Samples Nos. 1 and 2 — sludge — althougli they would have, as 
}hown by analysis, a beneficial effect on land, yet, by reason of their 
physical state, they would probably be very difficult to mix with the 
;oil so as to become incorporated with it in a desirable way. 

“ Samples Nos. 3 and 4 ~ destructor refuse — are in a good physical 
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condibion, and thus are better adapted for application to land than the 
two sludges. Their chief fertilising value would be as a slow acting 
source of nitrogen, but the lime and phosphate present would also be 
useful. The refuse is a type of fertiliser which would recommend itself 
for fruit-growing or other horticultural work of similar character. It 
would also appear to be suitable for permanent grass land for working 
in with the chain harrow, provided a rapid action of the nitrogenous 
constituent was not required. . . . Both materials would, in ordinary 
circumstances, be more suitable for heav}?- land than light, so far as 
fertilising constituents are concerned.” 

In connection with the same matter Mr S. E. Britton, electrical 
engineer, reported as follows : — 

The cost of a complete pulverising installation ready for use would 
be £2500. The annual cost of pulverising 12,500 tons of refuse delivered 
direct from the crushers into carts or trucks at the depot would be 
£1500, which sum includes capital charges, power, repairs, and labour, 
i.e. 2s. 5d. per ton. From this may be deducted the saving in cartage, 
labour at tip, and sale of metal, together amounting to £670, leaving a 
debit balance of £830, reducing the 2s. 5d. per ton to Is. 4d. per ton. In 
other words, unless a perpetual sale of this disintegrated refuse is main- 
tained at Is. 4d. per ton, the process could not possibly be anything but 
a burden to the rates. To give it away means a penny rate ; and should 
it be necessary to remove it to a tip or pay farmers to dispose of it, the 
lowest figure that could be reckoned upon would be a twopenny rate. 

In the event of the farmers entirely rejecting the refuse, a tip must 
be resorted to, with its adherent objections. Mr T. J. Young in his 
report states that ‘ nitrogen, the chief fertiliser, is slow in action. It 
therefore seems to me that in these days, when the chief desire is to 
increase the yield per acre, low grades of manure will decrease in value. 
He also stated that ‘ crushed refuse would recommend itself for fruit- 
growing and other horticultural work.’ Unfortunately the land around 
Chester is not used extensively for this purpose. The only other 
suggestion of any real value is that ^ it would appear suitable for 
permanent grass, if rapid acting nitrogen is not required. There 
certainly is plenty of pasture land round Chester, but unfortunately it 
would not do to put it on grass at all seasons of the year. Having 
regard to the opinion from expert agriculturists and the fact that 
crushed house refuse cannot take the place of any recognised fertiliser, 
it is not conceivable tliat farmers around Chester would for any length 
of time take it away without being paid to do so. The remoteness of 
achieving a regular sale at Is. 4d. per ton of a substance which has little 
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or no inanurial value has thoroughly convinced me that such a system 
is not advantageous ; therefore, although the cremation of refuse necessi- 
tates a larger initial expenditure, I am of opinion that, both for sanitary 
efficiency and net cost of disposal, the wisest course to adopt for the 
disposal of house refuse would he a system of cremation. 

It was resolved (1) that the appointed deputation he requested to 
proceed to Southwark ; (2) that the electrical engineer be instructed to 
prepare plans and specifications for the erection of a refuse destructor at 
and in conjunction with the sewage disposal works.” 

From such figures as are available, it is clear that under average 
circumstances, where the power can be utilised from a refuse destructor, 
the fuel value of the refuse will be more than the value of the refuse 
when converted into manure, but for purposes of comparison we will 
take a small destructor dealing with about 10 tons of refuse daily, 
where the power is not fully utilised. 

At Exmouth some 3300 tons of refuse are destroyed per annum, at 
a labour cost of 11-^d. per ton, the revenue from steam sold being £77 
per annum. The cost of the destructor complete was £3000 and a 
twenty-seven years’ loan was sanctioned, the interest and sinking fund 
charges being 11 -|d. per ton or equal to the labour cost; deducting from 
tlie total charges of Is. lid. per ton the revenue from the steam sold, the 
inclusive cost of destruction is Is. 5^d. per ton, a very creditable figure. 

While a pulverising plant certainly has the advantage in capital 
expenditure, it will be seen that various factors must receive careful 
consideration. 

The Corporation of Chester decided to install a refuse destructor, but 
pulverising installations have been adopted at Halifax, Yorks, and Eoss, 
Herefordshire, the operation of which will doubtless be watched with 
much interest. 

The pulverising of refuse is further referred to in Chapter II., dis- 
cussing foreign and colonial practice. 



CHAPTEK II. 


REPRESENTATIVE TYPES OF BRITISH DESTRUCTORS. 

Some fe-w years since, each of the British makers specialised in 
destructors of one or two types only. For instance, front feeding was 
the speciality of one maker, back-fed destructors were made by two firms, 
the top-fed type was the speciality of two makers, while only one 
maker offered a mechanically charged destructor. 

Within recent years the position has materially changed. The ever- 
increasing demand for continuous-grate destructors has had the effect of 
stimulating the efforts of several makers in this direction ; and while 
this type has not yet been adopted as the standard by all, it is invariably 
offered by most of them when it is specified. 

The constant demand for shovel-fed destructors of both types, back 
and front, has compelled destructor makers to offer this type. Those 
who have been prominently identified with the continuous-grate 
destructor have also developed this type for both top and mechanical 
charging, realising that both systems of charging are much more efficient 
with a continuous grate than with isolated cells. 

Before discussing and illustrating the various types of destructors, it 
may be well to consider the relative advantages of the cellular or 
isolated-cell system and the continuous-grate system. 

The Cellular” System. — The “cellular”' type of destructor dates 
back to the original Fryer patent of 1876. Destructors of this type 
comprise two or more cells, arranged either in a single row or back to 
back, each cell being completely isolated from the adjoining cell or cells. 

Instead of being provided with a combustion chamber as distinct 
from the main flue, a main flue only is provided, and it is at this point 
that the gases from the various cells commingle. 

The essential weakness of this design is found in the fact that there 
is no “ mutual assistance ” within the fv/rnaces. One cell is discharging 
hot gases under the boiler or into the main flue, while the adjoining cell 
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is cool and inactive, low temperature and objectionable gases meanwhile 
passing into contact with the boiler or into the main flue, and there 
reducing the temperature of the whole. 

Daring the clinkering and charging of a single cell, cold air passing 
into the cell quickly lowers the temperature, and having direct access to 
the boiler or main flue, the effect here in reducing the temperature and 
working efficiency is serious. Again, it should he borne in mind that 
when unburned gases once reacli the chimney it is absolutely impossible 
to prevent nuisance. 

It has been frequently claimed for the isolated or cellular system 
that a cell may be put out of service and repaired while the adjoining 
cell or cells are in operation. If anything like a reasonably high 
temperature is maintained this would appear to be impossible ; it is well 
known that under high temperature conditions the firebrick lining of a 
cell is red hot for at least 6 inches in depth. 

If repairs can be carried out in a single cell adjoining a cell in opera- 
tion, it is obvious that the normal temperature must be too low for 
efficient working. 

Owing to the greater surface of exposed firebrick in isolated cells, the 
repairs are the more frequent and costly ; the outlet flues are often small, 
and there is a tendency for them to become partially choked, which has 
the result of causing back draught ; the higher the temperature the more 
troublesome this difficulty becomes. 

During the past ten years comparatively few cellular destructors 
have been erected. For every destructor of this type which has been 
built during this period, at least five destructors of the continuous-grate 
type have been erected. There could be no more conclusive proof of the 
all-round superiorit}^ of the continuous-grate type than the fact that this 
type is now offered by every destructor maker in England with but a 
single exception In America it is the standard British type, and in 
continental and tropical countries it is generally recognised as of vital 
importance. 

The Continuous Grate. — Briefly described, the continuous grate has, 
as its essentials, the provision of a common furnace chamber with 
divided or separate ashpits (which may number from two to six accord- 
ing to the grate area) and a common combustion chamber. 

While in actual principle the continuous grate with separate ashpits 
is not novel, it was not applied in connection with a regenerative high 
temperature refuse destructor until some fourteen years since, at 
Darwen. 

The real step forward in modern destructor practice dates from this 
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the bulk of the dust is intercepted in the combustion chamber, and that 
small portion which is carried in suspension in the gases beyond the 
boiler is trapped in the pit underneath the regenerator. 



i^iQ. 4. — Tlie ‘ ‘ Cellulav ” Destructor. Sectional view. 


Under such conditions very little dust reaches the main flue, whereas 
with the cellular type most of the dust is deposited at this point. 

The well-maintained high temperature in the furnace and combustion 
chamber renders nuisance impossible, always providing that the 
destructor is properly operated. The maintenance cost in many 
cases is so low as to be scarcely credible. The records in Table XII. 
are worthy of careful perusal and serve to illustrate this contention. 



Fig. f). — Tlie “ Continuous -Grate ” Destructor. Sectional view. 


In figs. 4 and 5 the two types under discussion are illustrated : fig. 4 
shows three isolated cells, while in fig. 5 is shown a 4-grate destructor 
of the continuous-grate type, and combustion chamber. These illustra- 
tions will serve to convey the essential difference between the separate 
or isolated cells and the common furnace chamber with divided or 
separate ashpits only. 




The first destructor cells of this type were erected hy the late Mr 
Alfred Fryer in 1876 for the Corporation of Manchester, whicli installa- 



Fig. 7. — The origiual “ Fryer” De»truet4»r. iLr'mgk 

tion is illustrated in fig. G. It is interesting to note that this, the 
first refuse destructor, is still in operation. 

The arrangement of the Fryer destructor as originally designed is 
shown in fig. 7. The ashpit.s, it will be noted, are of the open type, for 
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working with natural or chimney draught. Some few of the old cells 
of this type are still in use in various parts of England. 

About seven years since the original cells at Manchester were equipped 
with steam-jet blower forced draught ; the closed ashpits and steam-jet 
blowers will be seen upon reference to fig. 6. 

The Warner top-fed destructor, which was introduced about twenty- 
three years since, and has been adopted in various parts of tlie United 
Kingdom, and also in the Colonies, in common with the Fryer destructor, 
is of the cellular type, and is usually arranged with a multitubular boiler 
set between a pair of cells. 

Fan-forced draught is used; and in connection with some of the 
more recent installations a separate fan is provided for each cell. 


TEFOING floor feeding HOLE 



ITig. 8. — Hoi'afall’s Top-fed Destructor. Cross-sectional view through cells. 


The Horsfall top-fed destructor was introduced about 1887, and 
was a distinct advance upon the original type. The direction of the 
gases passing from the cell was changed : instead of leaving the cell at 
the rear, the design provided for a front exhaust, the gases from the 
drying hearth passing over the active fire, the entire volume of gases 
leaving the cell at the front and near the top. The provision of steam- 
jet blower forced draught was another feature of great importance. 
This type of destructor is illustrated in fig. 8. With the exception of 
detail improvements in general design, the top-fed destructor was not 
materially changed until 1893, when the Beaman & Deas type was 
introduced. The principal features of this type were the provision of 
a combustion chamber common to a pair of cells, the combination of 
a Babcock & Wilcox water -tube boiler, and the use of fan-forced 
draught. 

The guaranteed destroying capacity of a Beaman & Deas cell was 15 
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tons per twenty-four liours. Introduced at a tiin^^ wlieii devtr 
Ciipacity of other top-fed cells varied from d to 'Ur 

hours it Was regarded as revolutionary, and much interest i. 

Although the Beaman Deas destructeu* wa^ ex^*" *-]:ii 2 ^!y 
as a destructor, unfortunately it was not a e^'nina'rcial SlIi.o 

seven j^ears have now passed since the last destiuetc-r f thi- tyi e 
erected. 

Wood & Brodie’s patent, providing tor the ^.-tthog « f .1 
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boiler between a pair of top- or mechanical l 3 '-fed cells \\v,> mtr,iueed 
about 1893, and is illustrated in %. 9. 

It will be observed that the gases pass direct from tLt cA>'s the 
boiler without the provision of a combustion or dust-s_-tt::ng eiian.ltr. 
A number of destructoi'S of this t\'pe have been adopted. 

Following the introduction of the Beaman ^ I^eas destrjct' mc 
W ood & Brodie’s improved setting, the next iorojrtant inn-vith:n was 
the use of the continuous grate in connection witli t-p-fid Ji 

This improvement, %vhieh had the effect uf completely !*hdng:ng the 
design, also involved the use of regenerators for heating th^- mii jly 
for combustion. 

Simultaneoush" with the iutruiuetion 01 these in.|aoVtiai;Lt^ an 
improved sj^stem of refuse storage was intr^xiuccfi. HitLert'j ti^e refu,-e 
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had been stored either directly on top of the cells oi on a platfoim a few 
inches above the cells To avoid the constant complaints due to the 
stewing of the lef use, and to provide bettei woiking conditions for the 
staff, laige steel stoiage bins weie intiocluced, the arrangement of wliicli 
IS shown in fig 10 



FiCr 10 — Meldiimi’s Top-fed Destructor Cioss sectional view 


Destiuctors embodying these featuies were intioduced by Messrs 
Meldium and Messrs Heenan & Fronde, Ltd , while, about the same time, 
the “ Sterling ” destructor w^as introduced by Messrs Hughes & Stirling 
The latter, while embodying the continuous-giate piinciple, was arianged, 
as shown in fig 11, with a central combustion chamber, the boilei, usually 
of the water-tube type, being set at the rear of the combustion cliambei 
Although the central combustion chamber was a special featuie of 
the Sterling top-fed destiuctor as originally designed, the position and 
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arrangement of the combustion chamber may, uf courMj* Ip if 

desirable, and placed at either end of three, tbur, or n.orr - 
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or steam-jet blower forced draught. 
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plant is illustrated in plan in tig. 12. 
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destructor is to have a future. Under the cehiil.ir th< n! * n 
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constant complaints concerning nuisance. 
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charge, the top-fed plant will give such satisiaction iUh n .t 
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Mechaaiical Ghargmg.— Fig. 13 illustrates the -ysta.: .1 
truck storage and charging which was introduced ny 
Wood & Brodie, and has been adopted in -everal de<t!i?t.ir 
various parts of England. 
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truck in position serves to remove the cover of the charging opening, 
also releasing the doors at the bottom of the truck and discharging the 
contents on to the drying heartli beneath. 

The storage provided is cool, and the whole apparatus is of a simple 
character and easily operated. 



Pig. 13. — Boiiliiois, Wood & Brodie’a Patent Truck-cliai giiig System. 


Direct Cart-fed Destructors. — For the direct charging of a cart- 
load of refuse into a cell without handling, no less than three different 
types have been introduced, but neither one has been extensively adopted. 
The first of this type was Marten’s patent direct- charging apparatus, 
which is illustrated in fig. 14, showing its application to a destructor of 
the Beaman & Deas type. This apparatus, which it will be observed is 
exceedingly simple in design, was adopted in connection with Beaman 
& Deas destructors at Wandsworth and Kingston-on-Thames. The 
Horsfall Destructor Company, Ltd., introduced a simple form of cart- 
fed destructor with an intermediate hopper, which was adopted at Black- 
pool and Bromley. The third of this type (Warner’s) differed from those 
already referred to, the refuse being tipped direct into the cell without 
the provision of a separate top hopper. The Horsfall Company erected 
one plant of a somewhat similar type to this for the city of Westminster. 

The main reason why so few destructors of the cart-fed type have 
been adopted is because, with the earlier types, the storage of thp. rpfuQA 
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in vehicles wa« an esRontial part of the Hystein, wliich, if adopted, 
neceswitated the provision of inany more vehicles tlian wore required for 
the actual collection of the refuse. Furtlier, for tlie backing of the 
vehicles, it was found necessary to keep a horse available during’ the 
night. 

Witli tlxe later types, which provided for storage within tlie cell, it 
was found unsatisfactory to thus store the refuse, which, owing to the 
heat, swelled to such an extent on the drying hearth that much labour 
was involved with unusually long and heavy tools in order to drag the 
material over the grate. 



Fig. II. — Marlon’s Patoiit Direct-cliar^diig Apparatus. 


The Horsfall Patent Tub-fed Destructor. — Prominent among 
systems of automatic or mechanical charging is the Horsfall “ tub-fed ” 
type. 

The refuse is delivered at ground-level, the vehicles discharging their 
contents through a hopper into a “ tub,” which is arranged in a pit. 
When the “ tub ” has been filled with refuse it is lifted by an electrically 
operated overhead travelling crane to the storage platform over the 
clinkering floor. 

The tub, which will contain one cartload of refuse, is provided with 
hinged lids at its base, which are held closed by means of the rods and 
hooks by which the tub is suspended. 

At regular intervals a cell is charged, a tub of refuse being lifted by 
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of the tub causes the cradle to descend, and by a system of levers the 
charging door is lifted from a water-sealed seat and pushed to one side, 

permitting the base of the cradle to 
further descend into the mouth of the 
charging opening. As the crane is 
relieved of the weight, the hinged 
doors at the bottom of the tub open, 
when the refuse falls on to the grate 
beneath. 

The grate is provided with small 
holes, and a very high-blast pressure 
is provided by fans or blowers. When 
the charge of refuse is completely 
burnt through, the clinker is with- 
drawn through a large clinkering door 
at the front of the cell ; this door is 
provided with a small central door 
for inspecting and levelling the fire. 
The gases leave the cell through an opening in the side near the top, 
and pass into a combustion chamber, thence to the boiler, dust catcher, 
and chimney. 



Fig. 15.— Horsfall’s Patent Tub-fed De- 
structor. Cross-sectional view. 



Fig. 16. — Horsfall’s Back-fed Destructorut Dunoon. Longitudinal section. 


The usual arrangement is to build the cells in units; a unit may 
comprise two or more cells, a combustion chamber, and a boiler. In 
some installations regenerative air heaters are included. 
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A typical “tub-fed” destructor is illustrated in fig. 15, which is 
cross-sectional view of tlie installation at Greenock. 



Back Feeding.— The Horsfall back-fed destructor of the cellular 
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i.> - i> wAl laid out, and the arrangement is 
miijiu.*-, wliieh introduced about 1898 , 
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Heenan’s back-fed destructor of the continuous-grate type is 
illustrated in fig. 20 wliicli is a cross-sectional view ; the form of liopper 
here shown is very useful indeed in all cases where considerable storage 
is not essential. The sloping back of the hopper reduces '‘trimming” to 
the minimum. 

Other back- fed destructox's of the continuous-grate type are the 
" Steiding ” and the “ Meldruixi *’ ; typical installations of the former are 
at Paignton and Yeovil, and of the latter at Dublin. 

The Meldrum front-fed type of destructor is fully illustrated in the 
plan and sections shown in fig. 21, wlxicli is a very satisfactory and 



economical arrangement for a single unit when it is proposed to duplicate 
the plant in the future. 

It will be seen that two openings are provided between the furnaces 
and the combustion chamber. The author has found it desirable to 
close the opening nearest to the boiler; by so doing the gases are com- 
pelled to traverse the grates and the combustion chamber, with the result 
that the efficiency is increased, and the amount of dust passing into the 
boiler flues is materially reduced. 

A plant arranged on such lines has been opei’ated for thirteen weeks 
continuously, during which time about 3300 tons of refuse have been 
burned. After a run of thirteen weeks the whole plant is shut down for 
one week for inspection, overhaul, and cleaning. 

One installation with which the author is acquainted has been thus 
operated for upwards of six years past, forty-eight weeks’ work per 
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The hopper, as illustrated in fig. 21, is not satisfactory. The vertical 
back wall involves far too much “ trimming.” Where hoppers of this 
type have been adopted the author would advise the use of an adjustable 



inclined wooden back, the angle of which may be altered as found 
desirable; it is then possible to project the refuse well forward, and thus 
avoid much labour in trimming. 

Among other front-fed destructors of the continuous-grate type are 
the “Heenan” and the “Sterling” typical installations of which are 
described and illustrated in Chapter YI. 



CHAPTER III. 

SYSTEMS OP CHARGING DESTRUCTORS. 

Those who have closely followed the methods employed for the charging 
or feeding of refuse into destructor cells cannot have failed to observe 
the preference shown for the back shovel-fed type of destructor during 
the past few years. 

Introduced originally by the Horsfall Destructor Company some 
nineteen years ago, the back-fed destructor appeared to have a great 
future, but for some years it was left to the original makers to exploit 
this method of charging, and it was not adopted by the other makers 
of destructors until a few years since. 

Under these circumstances, and in competition with top- and front- 
fed destructors, the number of back-fed destructors erected were 
comparatively few, while great headway was made with the front-fed 
destructor. 

After a lapse of some years, the back-fed destructor came into 
prominence and was very actively exploited, mainly with a view to 
meeting the growing demand for shovel feed, and checking the adoption 
of the front-fed type. To such an extent has the back-fed destructor 
been advertised during the past few years that it is now in great demand, 
and at this time is offered by all the British makers, with but one or 
two exceptions. 

While the author is of opinion that a back-fed destructor is a very 
useful type, he is also of opinion that, as at present designed, the back- 
fed destructor does not possess all those advantages which are claimed 
for it, and that some of the claims put forward are mere talking points. 

When the back-fed destructor was first introduced a drying hearth 
was used, and instead of the refuse being spread over the grate from 
the back charging door, as is now done, it was merely heaped upon the 
drying hearth immediately inside the charging door. 

In order to render this operation as easy as possible, the sill of the 
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charging door was arranged from 10 to 15 in. above the level of the 
charging floor, which was narrow, the fireman having to stand eitlier 
on the refuse or in very close proximity thereto. 

As the refuse had merely to be shovelled on to the drying hearth 
just inside the door, the height of the door sill was not inconvenient, 
although the conditions under which the fireman had to work were very 
unsatisfactory. 

Now the curious point is tliat, although the hearth is but rarely 
used in connection with the modern back-fed destructor, the door sill 
has not been raised, and under such conditions the fireman has to cover 
the grate with refuse, which involves shovelling while stooping in a 
cramped position. 

Another unsatisfactory feature is that the width of the charging 
floor is but little if any more than was the case with the earliest back- 
fed destructors. 

It is true that the original back-fed destructor was of the “ cellular ” 
or isolated-cell type, while the modern back-fed destructor is of the 
“ continuous-grate ” type, but with this difference, and also the omission 
of the drying hearth, the modern back-fed destructor in general design 
is very similar to the earliest installations. 

Among the claims made for the back-fed destructor are (1) that 
it presents satisfactory conditions from the labour standpoint, and (2) 
that it is cleanly and sanitary in operation. 

Those who know anything about the work of a fireman will be 
aware that the operation of shovelling any fuel on to a grate which 
must be covered as evenly as possible can best be done if the door sill 
is at such a level as permits of the fireman assuming an easy and natural 
attitude when tiring. 

When the man is compelled to stoop and bend in order to look into 
the charging door and shovel the refuse evenly over 25 sq. ft. of grate, 
it is obviously very laborious; this work can be most efficiently done 
when the body is allowed to assume a natural position, and shovelling 
is an easier operation and is done in a more satisfactory manner if the 
man is able to assume an upright position. 

While it is true that the fireman has to stoop to pick up the refuse 
with a front-fed destructor, the continuous stooping necessary with the 
back-fed destructor as at present designed is avoided, and the actual 
operation of shovelling the refuse over the grate is performed in an easy, 
natural position. 

This is a point which appears to be constantly overlooked by 
those who investigate the comparative merits of back and front feeding. 
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Further, it is a point wln'cli would seem to have been ignored by 
destructor makers, although the lowering of the charging floor to the 
extent of about 12 in. would suffice to make the charging of a back- 
fed destructor as easy and satisfactory as the charging of a front-fed 
destructor. 

It is impossible to ensure cleanly and sanitary conditions unless the 
arrangement of the refuse storage hopper in connection with the back- 
fed destructor is altered. Up to the present time, in almost every case 
the charging floor is much too narrow. 

When the refuse is tipped into the hopper, much of it falls over the 
narrow cJiarging floor, with the result that it is usually found that the 
fireman is standing in the refuse, and it is only when the contents of 
the hopper have been considerably reduced that the fireman has sufficient 
room to work in. 

The reason for restricting the charging sj)ace and making the hopper 
narrow is to avoid “ trimming,” i.e. to deliver the refuse as close as 
possible to the destructor ; while this does undoubtedly avoid the labour 
of ‘‘ trimming,” it is impossible to regard such an arrangement as cleanly 
or sanitary. 

Again, one of the aiguments advanced in favour of shovel feeding as 
compared with top feeding is that the former permits of cool storage of 
the refuse. It will be clear that, while tliis is very desirable, it is 
impossible if the refuse is stored so close to the destructor. 

Another argument commonly used in favour of back feeding as 
compared with front feeding is that it is far more satisfactory to remove 
the clinker from separate doors immediately opposite to the charging 
doors instead of through the same doors. 

At first sight there would seem to be much in favour of this course, 
but, upon consideration, it will be found that the objection to the use of 
the same doors for both operations is, to a very great extent, a senti- 
mental objection, and based upon certain conditions whicli may or may 
not exist. 

It is argued that unburned refuse may be removed with the clinker 
if the same doors are used for charging and clinkering ; this may happen 
with a careless man clinkering, and, under precisely the same circum- 
stances, it may happen with a back-fed destructor. Whether it will 
happen or not depends entirely upon the man, and it matters not which 
type the destructor may be ; it is as easy to remove a small portion of 
unburned refuse with the clinker from the one type of destructor as 
the other. 

When the drying hearth was used back feeding possessed an 
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advantage which it no longer possesses; the i*efuse was then spread over 
the grate from the front of the cell and elinkered from tlie same point. 
With the elimination of the drying liearth and the retention of the back 
feeding door at practically the same level for an altogether different 
operation, as already observed, the work cannot be done under either 
easy or satisfactory conditions. 

When the level of the charging-door sill is raised, when an adequate 
charging space is provided, making it no longer necessary for the fireman 
to stand in the refuse, then the design of the back-fed destructor will be 
far more satisfactory; and as sentiment will always be a factor of 
importance, back feeding will continue to appeal to many. 

Front Feeding. — The first front-fed destructor was erected at 
Hereford in 1897 by Messrs Meldrum; and although this system of 
feeding, as also back feeding, aroused much hostile criticism, remarkable 
progress was made. Stigmatised as primitive and insanitary, ridiculed 
in all quarters, and termed “spoon-feeding,” the experience of a few 
years compelled those who had criticised to judge by the results 
obtained. 

When once it was realised that the results were far in advance of 
anything recorded in connection with other systems of charging, then 
shovel feeding became popular, and the measure of its popularity can 
best be judged by the fact that practically every British maker now 
offers both back- and front-fed destructors. 

, The number of installations of back- and front-fed destructors is 
shown in Table X., while in Tables I., II., III., and IV. some of the results 
obtained are clearly set forth. 

Front feeding, in common with back feeding, presents rational and 
exceedingly satisfactory combustion conditions if the destructor is 
operated as it should be. Witli all hand-fired furnaces with which coal 
is used as fuel, the highest working efficiency is secured by the introduc- 
tion of a small quantity of fuel frequently, and the very best practice 
either in machine or hand firing with coal is based upon this system 
of working. 

If this method of working is reproduced, so far as is practicable, in 
the shovel-fed destructor, then there is never any question as to the 
efficiency, provided always that the plant is well designed, and that 
the same regularity which is brought to bear in connection with the 
charging of the refuse is also found throughout the whole cycle of 
operation. 

The author is of opinion that front feeding does possess certain 
distinct advantages over back feeding, the nature of which may be briefly 
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Rummarised as follows: — (1) The labour is cancel itratpcl at one point, 
viz. at the front of the destructor. (2) A rather smaller building will 
suffice, which has the effect of reducing the capital expenditure. (3) The 
cost of maintenance is less with a properly designed and well-built front- 
fed destructor than with any other type. 

The concentration of labour is a manifest advantage in the operating 
cost, inasmuch as it is found that those who charge the refuse into the 
cells, either at the back or the top, to a large extent confine their atten- 
tion to this particular work, whether it occupies all their time or not. 
In theory it would seem easy enough to arrange for those who charge to 
divide up their time and assist in clinkering, etc. ; in practice it is found 
very difficult; and if charging does not absorb all the time, there is 
usually a definite loss in labour, and correspondingly a definite increase 
in the labour cost. With a front-fed destructor the labour is usually 
shared equally, and the whole of the staff charge and clinker the grates 
in turn. 

It may be observed that, as a general rule, the storage hopper of a 
front-fed destructor is well arranged. Having in mind that the clinker- 
ing operation takes place between the fx^ont of the cells and the lioppei’, 
the hopper front is usually from 10 to 32 ft. from the front of the cells, 
the stoi-age is cool, and the men charge the refuse under more cleanly 
and sanitary conditions than are usually found with back-fed 
destructors. 

That the building for a front-fed destructor is narrower will be 
clearly understood; and if a reasonable charging and hopper space is 
provided with the back-fed destructor, this will inevitably still further 
increase the width and cost of the building for a destructor of this type. 

Concerning the comparative cost of repairs and maintenance, the 
front-fed type has the advantage, because, all other things being equal, 
the destructor with the minimum number of openings has been shown 
to require the least repair, and the records of maintenance cost in 
connection with destructors of all types clearly shows that the front- 
fed type usually costs less to maintain than any other. 

In well-built destructors of any type the main item for repairs is 
found to be in connection with the door openings at the front, back, 
and top. In the manipulation of heavy rakes, drags, and slices, the 
incandescent firebrick is worn away, broken, and dislodged; in some 
instances the walls are seriously weakened, and extensive repairs 
become necessary. 

It is well to remembei^ when it is argued that the front-fed 

/I Cl 4- * I • rt 
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charging openings, that this is common practice with all liand-fired 
steam boilers. All boilers which are hand-fired arc provided witli front- 
firing doors only, and the clinker must of necessity be removed at this 
point. The common practice in burning coal is precisely tlie same as 
in burning refuse ; a fire must be “ burned down ” before being clinkered ; 
if this is done and the fireman is careful, very little combustible material 
is removed with the clinker, and this in spite of the fact that the grate 
is often very narrow, the fire door is small, and the conditions rather 
more difficult than with a destructor grate. 

The tendency of the destructor fireman is not to clinker a fire 
before it is well burned, because the work is laborious and is put off' 
as long as possible. Under these conditions there is a tendency to 
cliarge on top of a vitreous mass which is not in a condition to receive 
a fresh layer because the air supply is unable to effectively permeate 
the mass; hence, when the clinkering of a grate has been unduly 
delayed, at times the upper layer is not in a condition to be removed, 
and if removed with the clinker it is not an argument against tlic (Aj'pe 
of destructor, but, on the other hand, simply shows that the fireman is 
either careless or incompetent. 

This may happen with a destructor of any type, and docs occasionally 
happen even in the best managed works. The skilful or careful fiT‘eman, 
when removing clinker, always turns it over on the grate to shake off 
the loose and unconsumed portion, to furnish the bed for the next 
charge. 

With the continuous-grate ” destructor of any type the clinkering 
of a grate demands care, because, even if there should be no loose or 
unconsumed material on top of the mass of clinker, tliere is always 
the possibility of removing with the clinker a small portion of un- 
eonsumed or partially consumed refuse from the adjoining grate 
or grates. 

The point which the author is anxious to emphasise is that, while 
the possible removal of unconsumed refuse with clinker is said to be 
peculiar to tlie front-fed type only, this is incorrect, and those same 
conditions which conduce to this difficulty are common to destructors 
of every type having continuous grates. 

As a general rule, the front-fed type is cheaper to install than any 
other type ; and while there are reasons why the use of both shovel-fed 
types should be restricted to a destroying capacity of, say, 60 tons daily, 
yet, from every point of view, the front-fed destructor is perfectly 
efficient and satisfactory. 

In the adaptation of a refuse destructor to existing boilers previously 
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firril witli eoiil, the liestruc-tMr can freMUt'iilIv be iuhjpted with 

blit iiiiiiiiiiuui of striR-tuml iikeratiuii*^ wheiva^ ven Hi'teii the 
iii'^taliatiou ui a baek-i»*‘l destructor is *"ittier or e 

in eust and this is e«|iially true of the top-iVd tyj^e 

Top Feeding. — It will cosaiuoji kiiowl./djr.j timt the tir^t destructors 

Were oi the tup-fed type; the hrst * Fzyer" t^^p-fed >r wa-^ 

erected thirty-six years agu. T*jp feeding, wliied* l^aiiv vear*' uus 
re:^urded as the only possible method of ehar^in-j: refU"* Las 
geii*'rally regarded with favour durin^^ the past tilte.Ui yeiir^ durii/^ 
whicli time most of the destructors erected Lav’e been 5 4 ’ tie: fre^nt a:rl 
back siiovel-fed type. 

As originally designed, the pjp-fed de.striictea- wd- wli it may n^w 
be t^Tuied crude. While simplicity was a oiarked ibatuie of tla- 
it was simplicity without etfici*‘iiey. 

'File design of the early top-feil destructors so Liniihaiir to eVf-ry 
student tliat it is unnecessary to discu-s the '‘ame at any length at 
this time. 

The most unsatisfactory feature in the design ef tin- Fryer iL-strut^nr r 
was the outlet from the cell into the main due. The entire volume of 
gases left the cell at the hack and near the t'^p |a*isini:^ over' a La'idge 
at the top of the drying hearth, thence downward,- into t!ie main liue. 
which was arranged partially under the drying hearth 

This method of exhaust was weak. inaMiiueli as the i.oxi.ju*- ga^ s 
an<l dust had direct and immediate access to the main due: the slowly 
distilled gases from the refuse on the drying hearth Were raj'idiy urav. ii 
into the main flue, where the temperature was always very Lvjv. 

The lirst drastic improvement in the design ef liie tup-fed d».-lr"icior 
was the introduction of the front exlmust itue by 3 !e-sis Hur^falL the 
object of which was to ensure that the volume of low teuj] .e-rat are gases 
liberated from the mass of refuse should pass over the aetive rkv within 
the ceil before passing therefrom; in siiort, as ci^mpared with the Frytr 
destructor, the passage of the gases was revei-sed. 

The Horsfall top-fed destructor was the flrst satisfact''^ry de struct cr 
of this type ; the front exhaust with high temperature marked a great 
advance at a time when the topj-fed destruet*-ir wan in bad repute. The 
front-exhaust or outlet flue, while answering its priiiiary pur|jC''^e- liir*w- 
ever, was not entirely satisfaetorpv owing to tlie of dust at this 

point. With the depcjsit of dust the area W'as reduced; ami if the dust 
was not frequentip" reiiioveii the throttling 01 the gases at cros- flue 
had the etiect of reducing the destroying eupaeitt’ and causing Ijaek 
draught. 
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Fourteen years ago Mr George Watson thus defined top feeding ; — 

“ With top feeding the refuse is merely pushed blindly in.” ^ 

While this fairly describes the operation in connection with the 
earliest top-fed destructor, it is equally applicable to the modern plain 
top-fed destructors. 

As a general rule with all destructors of this type, the capacity of the 
charge is fixed by the man or men on top ; there is no regularity, the 
charge may be half a ton, or it may be one and a half tons; usually the 
charges are far too heavy. A heavy charge means a periodical idle spell 
for the man, and heavy charges therefore are favoured. 

There are already distinct signs that the top-fed destructor of the 
future will embody apparatus by which each charge will be definitely 
measured, while the charges will be comparatively small — about one 
cubic yard — and the operation of charging will be controlled by the man 
in charge of the destructor at the clinkering floor level. 

Development along such lines as these is but the natural outcome of 
a system so tersely described by Mr George Watson, an haphazard 
system of feeding, which must inevitably be unsatisfactory. 

Uncontrolled and widely varying charges involve inefficiency, not 
only with top-fed destructors, but with the back- and front-fed types, 
and also with all coal-fired furnaces, and it is frequently found that 
carelessness in charging is the direct cause of nuisance and complaints 
concerning the nature of the discharge from chimneys. 

With the early top-fed destructors the refuse was stored on the top of 
the cells, and was generally raked or dragged into the charging openings. 

In many cases the storage platform was in effect an external drying 
hearth, the heat from the cells underneath causing the refuse to stew 
until the atmosphere of the building was foul in the extreme. Much of 
the dry refuse was (|uickly converted into dust. In this fcntid, dust- 
charged atmosphere, at times knee-deep in the refuse, the work of charg- 
ing was done. Under such circumstances, when the building was not 
completely closed, the escape of foul gases and dust was unchecked, and 
at times the nuisance from the building was more serious than from 
the chimney. 

As the refuse was dragged or raked into the charging openings, the 
loose and freshly delivered material from the top of the mass was usually 
handled freely, with the result that the stale and foul layer next to the 
hot surface of the platform was allowed to remain, moisture drained by 
compression on to the hot surface and was slowly evaporated. 

^ “Watson on Refuse Furnaces,” Proceedings of the Institiution of Ctml Engineers j vol. 
cxxxv., session 1898-99. parti. 
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In order to avoid the many unsatisfactory features of storing the 
refuse directly on top of the cells, in some installations a chequer-plate 
storage platform, arranged on joists a few inches above the top of the 
cells, was provided ; while this departure to some extent improved the 
working conditions, it failed to satisfy the growing demand for cool 
storage of the refuse and more sanitaiy conditions. 

With a view to overcoming the objectionable features of top feeding 
already discussed, a large steel storage hopper was provided above and 
at the rear of the destructor cells, the base of the hopper being inclined ; 
this hopper provided cool storage, and was so arranged as to facilitate 
charging, while also ensuring the charging of the refuse from the bottom 
of the hopper. 

So slowly were these improvements in connection with the top-fed 
destructor evolved that by the time this type of destructor embodied 
those features which ensured sanitary working conditions, the front- and 
back-fed types were firmly established, with such satisfactory results 
that top feeding, except for large installations, is but rarely adopted now. 

One feature of some importance in connection with destructor storage 
hoppers which has received bub little attention is the closing of the top 
of the hoppers, which is desirable whether the destructor be fed at the 
top, back, or front. 

With tipping platforms, whether exposed or entirely covered in, a 
closed hopper is preferable : at times hoppers are very full, and where 
the tipping platform is exposed, paper and very light refuse is blown and 
scattered in every direction. Where the tipping platform is enclosed, 
the atmosphere of the building will be iini^roved if the hoppers are 
covered, and the refuse is then only exposed while being discharged 
therein. 

Having in mind the small additional cost of an enclosed hopper, it is 
strange that it is so rarely asked for, while it is even more strange that 
the British destructor makers, to a large extent, ignore this useful feature. 

Generally speaking, the cost of a top-fed destructor is considerably 
in excess of the back- and front-fed types. The building must be more 
lofty, and will accordingly be more expensive. If an ordinary inclined 
approach roadway is provided, this will be more expensive than for a 
back- or front-fed destructor, as the level of the tipping platform must 
be so much higher. 

If, instead of an inclined approach roadway, the refuse is hoisted and 
transported by an electric crane, the building must be still further 
increased in height, and it has been shown by experience in several 
instances that it is of vital importance to provide cranes in duplicate. 
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Owing to lack of space for an inclined approach roadway it has been 
necessary, in connection with a number of destructor installations, both 
at home and abroad, to provide an electric crane. In some few cases 
hoists have been installed, but their record generally is unsatisfactory. 
Both hoists and cranes have usually been installed singly : the necessity 
for duplication has not become apparent until a breakdown has occurred. 
Some time ago the author visited a destructor works on tlie Continent, 
where, owing to the breakdown of the crane, the works liad been closed 
for two weeks, during which time hundreds of tons of refuse had 
accumulated. 

If the necessary space for an inclined approach road is available, it 
is advisable to adopt this course rather than either of the alternatives. 
Taking into account every factor, it is not only the most satisfactory 
course, but frequently the cheaper one. 

In repairs and maintenance cost the top-fed plant is invariably more 
costly than the shovel-fed types. The top-charging openings weaken 
the crown of the furnace, and the cost of repair and maintenance at this 
point alone is frequently in excess of the total repairs cost in connection 
with a front- or back-fed destructor. 

For many years past the idea has been prevalent that the labour 
cost per ton of refuse destroyed with a top-fed destructor is lower than 
is the case with the shovel-fed types. As a matter of fact, such statistics 
as have been available from time to time conclusively show that shovel 
feeding is cheaper than top feeding. 

In making a comparison of this kind it is but fair to disregard some 
of the phenomenally low test results published in connection with both 
types, basing the comparison upon average working costs under normal 
conditions of operation. 

In the larger installations a small advantage in the labour cost is 
frequently shown, but if the working conditions are closely examined it 
will invariably be found that the charges are too heavy, and that tlie 
working efficiency is not comparable with shovel-fed plants. 

For the disposal of excreta with refuse a top-fed destructor is often 
desirable, and there is undoubtedly a future for this type both at home 
and abroad ; but the author is of opinion that the future, to a very great 
extent, depends upon the combination of apparatus for securing fixed, 
definite, and comparatively small charges, a system of operation wliich is 
of vital importance. 

Mechanical Charging. — In a careful survey of destructor practice 
during the past thirty-five years it will be observed that simplicity has 
been shown to be of paramount importance. In the evolution of the 
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destructor the highest working efficiency has been reached with a 
furnace of simple form, i.e, the “ continuous-grate ” furnace ; and 
whether top fed, back fed, or front fed, this simple form of furnace has 
shown a marked superiority in working efficiency over the “ cellular or 
isolated cell furnaces. 

Coincidently with the introduction of the “continuous-grate” 
destructor, the forward movement in final and sanitary refuse disposal 
began ; and it may be claimed that simplicity in design with reliability 
in operation account for the rapid adoption of British destructors, 
not only in this country, but in almost every civilised country in the 
world. 

At this time, when there is a disposition in England, Germany, and 
the United States to introduce complicated mechanical apparatus for 
charging refuse, it is worth while to bear in mind the opinions of those 
competent to judge, and to endeavour to discover the reasons why there 
is a disposition to disregard an experience of many years, an experience 
which has conclusively proved that simplicity in design is essential. 

In a paper read before the Institution of Engineers and Ship- 
builders in Glasgow on March 20, 1906, Mr H. Norman Leask said: — 

“ Five years ago ^ it was common to see expressed in sjpecifications a 
desire to receive schemes for charging furnaces mechanically, and much 
money, time, and trouble has been spent in endeavouring to arrive at 
this desideratum. Up to date it has not been achieved with any marked 
degree of success, and it may be said with a great deal of truth that 
plants giving the greatest satisfaction are those in whicli no melt 
mechanical means exist 

“The material could, of course, be treated primarily, disintegrated, 
and reduced to a uniform size, and then fed into the furnace in a simple 
manner ; the cost of such machinery, and the maintenance and labour 
attending the same, however, exceed that of charging the furnace by 
hand. The author has had the opportunity of inspecting such apparatus 
at work, and of verifying these facts. 

“It is not a difficult matter to devise a furnace into which large 
quantities of refuse can be tipped; it is, however, a grave question 
whether it is advisable to proceed in this manner or not. If whole cart- 
loads of refuse are tipped into a furnace no opportunity of selecting and 
varying the material is permitted, nor can it he claimed that the 
charging of a furnace with a ton of refuse at a time is a scie^btific way 
of obtaining good combustion. It must necessarily mean great fluctua- 

^ “Refuse Destmotors,” by Mr H. Norman Leask, Traiisadio'tis of the Institution of 
Engineers and Shiphuilders in Scotland^ 49th session, 1905-6, vol. xlix., part vi. 
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tion in temperature, and it is questionable whether any saving ofc* labour 
results. 

“ Picture a load of market refuse being discharged into a furnace and 
subsequently a load of paper and straw, then a load of ashes, then large 
quantities of shellfish and tins : can anyone say that such a i:)roceeding 
gives good results for a very large plant connected to a common 
chamber ? Where it is merely a question of getting rid of tlie refuse 
there might be an excuse for such an arrangement, but under no other 
circumstances could such a jiroceeding be justified. 

“ From personal experience on this point, the author lias found that in 
some districts and at certain seasons of the year such an arrangement 
could be worked with fair results, but it is certainly not applicable to 
all kinds of refuse ; and from trials made with a view to ascertaining the 
effect on evaporation by charging at different intervals ho lias found 
that hy trebling the number of charges ioi a given time — the same 
qtuantity being burnt in that time — that the evaporative eficicAbcy rose 
20 per cent” 

Mr Frank Watson, in a paper read at the Exeter Congress of the 
Royal Institute of Public Health in 1902, said : — 

The inventor, however, is proverbially sanguine, and in attempting 
to introduce a new and untried scheme will usually agree to any 
conditions which may be imposed in order to get the scheme adopted, 
his faith in his own inventions being in inverse ratio to his experience 
of their results. 

Complicated mechanism designed to save labour is frequently 
brought forward in connection with these plants. It should always be 
remembered that the conditions under which a destructor works arc all 
against the success of mechanical arrangements situated within the 
furnace. Every appliance, whetlier for opening or closing doors, pro- 
ducing the necessary forced draught, or charging or clinkering the 
furnace, should be of the simplest and most direct character. 

“ An apparent economy is often entirely discounted by the cost of 
maintenance, and, what is still more serious, by the stoppage of the works 
during repairs.” ^ 

In these two clearly expressed opinions is the same plea for simplicity. 
Mr Leask mentions at least two points which are well worth careful 
consideration; he refers to the charging of a furnace with a ton of 
refuse at a time, and observes that it cannot be claimed that this is a 
scientific way of obtaining good combustion. 

1 Bece^it Practice in Uefuse Disposal and UtilisiUion Plants, by Mr Frank Watson The 
Royal Institute of Public Health, Exeter Congress, August 1902. 
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Now, as a iiiatter of fact, there are on the market at the present time 
mechanical charging devices which put into a cell, not one ton at a time, 
hut in some instances nearly two tons; on the Continent there are 
other charging devices which have a capacity of about 15 cwt. ; but in 
almost every instance the latter have a grate area so small that, from 
the point of view of combustion conditions, the smaller charge is as 
unsatisfactory as tlie larger charge. 

In considering the conditions obtaining when these charges are 
introduced into the cell, it is necessary to remember that tlie clinker 
from a previous charge has just been removed, which operation may 
liave occupied about twent}^ minutes, having in mind its percentage as 
compared with the weight of refuse charged. 

During this time the door has been open, the cell has been idle, the 
firebrick lining has cooled, the temperature has fallen to the extent of 
from 800*^ to 1000° Fahr. and sometimes more. With a cell in this 
condition the charge is introduced on to the grate, it may be a 2-ton 
charge on 25 sq. ft. of grate, it may be a 15-cwt. charge on 9 sq. ft. of 
grate, the mass may be 4 ft. or more in thickness, and lying close, as the 
result of the fall and impact. 

The forced draught is put into operation, and as the air supply is 
forced through the mass dense volumes of heavy and noxious gases are 
driven off and pass into the main flue. Gradually ignition takes place 
and the cell temperature rises; probably in about half an hour the 
normal working temperature has been reached. As the mass burns and 
settles down for a time the air finds its way more readily through the 
fire, with the result that the dust is carried over into the main flue and 
boiler setting in considerable quantities. 

Further, unless the forced draught is carefully regulated to suit the 
changing condition of the fire, the excess of air passing through the fire 
and into the boiler and main flue will be serious from the point of view 
of efficient combustion. 

In order to realise clearly the extraordinary conditions presented for 
the combustion of 2 tons of refuse introduced in a single charge into 
a cool cell, it is woi'th while to compare the same with a shovel-fed 
destructor burning say 15 cwt. per grate (25 sq. ft.) per hour, and 
clinkered every two hours. 

With this plant the clinker is removed in about ten minutes, during 
which time the temperature falls, say, 500° (the temperature being well 
maintained, owing to the active operation of the adjoining grate). 
Refuse is shovelled in on top of the live fire, shaken off the clinker, the 
forced draught is put into operation, and in ten minutes the normal 
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working temperature is easily reached; the shovelling in of the 
then proceeds at intervals with a well-maintained furnace teniperatiire. 

Owing to the greatly reduced air pressure which is employed there 
is no trouble with dust ; the excess air is reduced to the minimuin, and 
generally rational combustion conditions are conduced to. 

From the combustion point of view there is a vast difference between 
a mass of refuse from 3 to 4 ft. or more in thickness and a tire wliich is 
never more than 18 in. thick, and wliich only reaches this condition 
gradually as the result of periodical small charges. 

Imagine for a moment the result of introducing instantly one ton of 
coal into a furnace, and compare the same witli the rational periodical 
introduction of small quantities at a time; under the latter conditions 
the furnace temperature is well maintained, under the foi-mer conditions 
the fire would be smothered and useless. 

While there is a very wide difference between a ricli and liomogcuu^ous 
fuel and refuse, yet there are certain clearly ascertained and fundamental 
conditions, in so far as efficient combustion is concerned, which apply 
equally well to both. 

A further point mentioned by Mr Leask is of more than passing 
interest. Referring to the tipping of a cartload of refuse into a cell ho 
says : — 

‘'No opportunity of selecting and varying the proportion of inattuual 
is permitted.” 

A cartload or a large refuse receptacle may contain such articles as 
tins in considerable number, a pail, some hundredweights of offal, or 
much other jnaterial which it is foolish to introduce into tlie de- 
structor at all, or very wet and offensive material which could bi^ 
disposed of at suitable times, preferably in several charges or in two 
or three cells. 

The system, however, does not permit of any grading or seloctioii of 
the refuse; that which is in the cart or refuse-charging rcceptacli^ must 
go bodily into the cell, its composition is unknown, the demand for 
steam may be heavy, and this is unfortunate, but it is the system. 

It must be obvious that this is a serious weakness, inasmueli as the 
selection of a charge of material suitable for any one cell under c(‘Ttain 
trying conditions is practically impossible. There are times when it is 
very desirable that the refuse should be graded; there are obvious 
advantages in being able to prevent quantities of tins and an occasional 
pail from being charged into a cell only to clog the fire, and eventually 
be removed practically in the same condition as when charged. 

Mr J. A. Rnhprtcsnn M T TT 17 ^ 
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in a paper read before the Glasgow Section of the Institute of Electrical 
Engineers, made the following observations : — 

“ The principal advantage of the system is, of course, its comparative 
cleanliness. . . . The disadvantage of the system is that it prevents any 
selection or proportioning of the charges, while the deposition of a whole 
cartload of green refuse into a furnace at one charge is apt to cause 
fluctuations of temperature, with consequent variation in steam pressure.” 

The advantages of grading and selecting the component portions of a 
charge have been clearly demonstrated in connection with shovel-fed 
plants, and is considered to be so important that the German engineers 
take care to grade the refuse on the tipping platform before filling the 
charging shutes and mechanical charging devices. In the United States 
it is found very desirable to give considerable attention to the grading 
of refuse, and with low grade refuse, or when it is required to burn 
garbage in any quantity, preliminary grading is. of vital importance. 

When the author was inspecting an important destructor works in 
Northern Europe where charges of about one and a half tons are intro- 
duced three times in one day, he saw a fire smothered with a heavy 
charge which failed to ignite, and had to be raked out on to the clinker- 
ing floor, shovelled into its receptacle, and hoisted on to the charging 
platform. 

This confirms the opinion of Mr Leask that 'Gt is certainly not 
applicable to all kinds of refuse.” At the works in question, bad as the 
refuse was, it could have been burned had it been possible to grade the 
same, but even then it would have been burned at a comparatively low 
temperature. 

Refuse of low calorific value will never be eflGiciently destroyed with 
a freedom from nuisance unless it is to some extent graded and charged 
in comparatively small quantities, and the sooner this is recognised the 
bettor for the destructor engineer and the municipal authority. 

After inspecting some eight installations, comprising mechanical, top- 
and back-fed destructors in Scotland and England, during December 1909, 
the cleansing sub-committee of the Aberdeen Corporation reported as 
follows : — 

“ The sub-committee are of opinion that the type of destructor most 
suited for the Aberdeen refuse is the contimLOWs-grate destriictor with 
hack hand feed. The examples of the continuous-grate destructor 
inspected by the sub-committee appeared to give a very thorough com- 
bustion of the refuse itself and of the distilled gases. 

^ “ Electricity Works and Refuse Destructors,” by Mr J. A. Robertson, M.I.E.E. ; see Pro- 
ceedings of the Institidion of Electrical Ehigimers (Glasgow Section), 1909. 
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“The sub-committee believe that back hand feeding, which closely 
resembles ordinary furnace stoking, is the most effective in securing a 
proper distribution of the raw refuse over the grate, and should give 
good results for steam-raising purposes, as well as in the complete 
destruction of the refuse. 

“ Mechanical feeding adds considerably to the cost of the plant, and 
makes the destructor more complicated and liable to repair without 
appearing to reduce sensibly the cost for labour. 

“ Its advantages are most apparent where the refuse is of sucli a stale 
character that it ought to be transferred to the destructors with the 
least possible handling.” 

A point of considerable importance in connection with mechanically- 
fed destructors is the fact that, as a general rule, no provision is made 
for an alternative method of charging in the event of breakdown. 
Even if such a course is possible, it involves great inconvenience, and a 
material increase in the labour cost. 



CHAPTER IV. 


DESTRUCTORS COMBINED WITH SEWAGE WORKS. 

Since 1897, when tlie first destructor combined with a sewage pumping 
station was erected at Hereford, considerable progress has been made, 
and at the present time combined undertakings of this kind are either 
in operation or in hand for no less than seventy -four cities and towns. 

As a general rule, the refuse of a community, if efficient^ burned, 
will provide more than sufficient steam to pump the whole of the sewage. 
There are cases where the quantity of refuse available is much in excess 
of that required for supplying the necessary steam for pumping, while 
in other cases, owing to an abnormal lift or other peculiar local 
circumstances, the refuse is insufficient ; such cases, however, are rare. 

In some few towns, the amount of refuse is not only ample for 
providing the steam required during the week, but sufficient material 
is stored to furnish the steam required on Sundays. In such cases, 
with but few exceptions, no coal-fired boilers are provided, and no fuel 
other than refuse is ever burned, unless the collection of refuse is delayed. 

The combined destructor and sewage works at Epsom, Surrey, with 
the design of which the author was closely concerned some nine years 
since, is a typical example of this kind, and has been remarkably 
successful. There could be no more convincing example of the possi- 
bilities of a combined destructor and sewage works than this, having 
in mind that steam is not only provided for pumping the whole of the 
sewage of the town for three hundred and sixty-five days every year, 
but, in addition to the normal volume of Epsom sewage, the sewage of 
the several large institutions of the London County Council is also 
dealt with. 

What this additional volume amounts to will be clear from the 
following figures, which have been kindly furnished by Mr E. E. Capon, 
the engineer and surveyor to the Epsom Urban District Council : — 

47 
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Average volume of Epsom sewage pumped daily 600,000 gallons. 

„ „ lifted by Shone ejectors daily . 30,000 „ 

„ „ of sewage from London County 

Council Asylums, daily dry- 
weather flow 

Ejectors are also used for lifting sludge and distributing the same on 
the land. 

In cases where the amount of refuse is insufficient for a seven days’ 
steam supply weekly, it is desirable to install water-tube boilers arranged 
for supplementary or separate coal firing with the destructor to avoid 
the waste of fuel in getting up steam in a cold boiler on Saturday 
evenings. 

The water-tube boiler is suggested for this purpose, because (1) it 
may be easily arranged for alternatively firing with destructor gases 
and coal, whereas the Lancashire dr Cornish boiler is unsuitable for the 
double purpose ; and (2) because after six days’ use much heat is stored 
in the firebrick lining of the water-tube boiler setting, and the change 
over from destructor firing to coal firing is possible without any loss, 
and with but the minimum of inconvenience. 

Where it is necessary to change over from destructor firing to coal 
firing for the Sunday and get up steam from cold in a separate boiler, 
there must be a definite loss. In a recent case with which the author 
is familiar, it was found that upwards of one ton of steam coal was 
used every Saturday night to get up steam, and some three tons of 
steam coal during the Sunday; hence each Sunday stoppage of the 
destructor involved the use of four tons of steam coal, over 25 per cent, 
of which was, to all intents and purposes, wasted. To avoid this loss, 
and to save the labour in the coal-fired boiler-house on Sundays, it was 
suggested that the steam main in the sewage works should be connected 
up to the steam main in the adjoining electricity works; this has been 
done, with very satisfactory results. The electricity department are 
merely paid for steam supplied at so much per hour, the sewage 
works save that which for some years was wasted, and no coal is 
now purchased. 

As a general rule, the sewage works are so located as to make the 
combination of the destructor satisfactory from the point of view of 
cartage cost. While sewage works are not centrally located as a rule, 
and while their position in some towns is such that the cartage cost 
for disposal cannot be reduced, if the refuse is taken to this site it will 
be found in the average case that the cartage cost is not increased 
thereby, having in mind that in some cases the refuse tip adjoins the 


■ 300,000 
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sewage works, while in many cases the tip is considerably further than 
the sewage works. 

There are exceptional cases where the sewage works are located at 
such a distance as to make the cost of cartage prohibitive, but such 
cases are few in number. 

While the provision of a destructor at an electricity works is fre- 
quently objected to from a sentimental point of view, it is rarely, if ever, 
that its installation at a sewage works is questioned by the sentimental 
or aggrieved ratepayer, who, as a rule, prefers to leave the sewage works 
severely alone. 

So satisfactory has this combination proved in all parts of Great 
Britain that it is one which should receive the careful consideration of 
all local authorities wl\o have yet to face the problem of final and 
sanitary refuse disposal. 

Many local authorities have installed suction gas plant at sewage 
works, while others have put in gas engines for town gas or oil engines, 
When deciding upon the form of motive power to be installed, the 
possibilities of the future would frequently appear to receive but little, 
if any, con^sideration ; hence it is that when the time arrives to seriously 
consider the refuse disposal pi'oblem, in many of the smaller towns it 
is not possible to utilise the steam from the refuse without superseding 
gas or other plant, or using the same for stand-by purposes. 

Wlien contemplating the installation of pumping plant at a sewage 
works, it, to say the least of it, is a short-sighted policy to disregard or 
fail to take into consideration the disposal of the refuse. The author 
is aware that in actual labour cost, and in many instances in capital 
cost, the alternative form of motive power is cheaper, but the fact 
remains that sooner or later the refuse must be dis230sed of finally, and 
if the steam can be fully utilised at a sewage works, the destructor must 
be a more profitable investment than if erected as a destructor pure 
and simple. 

When it is borne in mind that sooner or later most local authorities 
are faced with the refuse disposal problem in a more or less acute form, 
and bearing in mind that the sewage pumping station is usually a 
convenient site for a refuse destructor, the author is of opinion that 
gas or oil should only be adopted as the motive power at a sewage 
works under very exceptional conditions. 

In not a few cases, when the question of refuse disposal has to be 
faced, the municipal engineer finds it impossible to suggest a means for 
utilising the steam, and his estimated operation cost is accordingly 
higher than would be the case if the steam could be used. Under such 

4 
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circumstances it is frequently found that he had suggested the pro- 
vision of a destructor at the sewage works some years before, but was 
overruled by those who were unable to take a comprehensive view; 
their concern was to snatch the economic advantage of the moment and 
let the future care for itself. Had this policy not been pursued, the 
number of combined destructor and sewage works now operating would 
be greater. 

The saving of a coal bill at a combined works is not the only point 
of interest, nor does it represent the only saving effected. For the 
bacterial treatment of sewage immense quantities of destructor clinker 
have and are being utilised, and in many eases where this was previously 
purchased a considerable saving has been effected as the result of 
utilising the clinker for this purpose. 

At some works, coke and coke breeze which had been used for 
filtration purposes, and which had disintegrated and become foul, has 
been passed through the destructor with the refuse and incorporated 
with the clinker, and has been again used for the filter beds. 

The Tables I. and II. were prepared by the author in June 1905 
at the request^ of the Eoyal Commission on Sewage Disposal, and 
represent what was being done at that time in combined works. Table 
III. is a supplementary table, and records, with the exception of those 
installations marked thus J, some data in connection with the combined 
undertakings erected since June 1905, and up to the present time. 

A long and extensive experience of steam plant at sewage pumping 
stations where coal is used has convinced the author that, for the most 
part, these works are operated on exceedingly uneconomical lines. 
With but a few exceptions the fuel bill is out of all proportion to the 
work done ; the question of fuel economy would appear to be generally 
neglected. 

To a large extent this accounts for the extraordinary economy 
effected at many sewage works where destructors have been installed, 
and for precisely similar reasons suction gas plant has shown a con- 
siderable economy in a number of works. When considering the 
economy to be derived by the use of suction gas plant it should be 
remembered that it is rarely compared with a modern high-class steam 
plant economically operated, but it is usually compared either with 
an obsolete and uneconomical steam plant, or plant which might easily 
be operated on far more economical lines if the questions of fuel economy 
and steam saving received that attention which they merit. 

In the adaptation of destructors to existing coal-fired boilers at 

^ See Fifth Report of Royal Commission on Sewage Disposed^ Appendix X., No 1, 1908. 
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sewage pumping stations much might be done. There are a considerable 
number of such works where expensive fuel is being used. In many 
instances the boilers are suitable and need not be reset, the existing 
chimney also would suffice, while the structural alterations required 
are neither serious nor costly ; in short, the destructor could be provided 
at the minimum of cost. Among sewage works where destimctors have 
thus been adapted are — Eccles, Hereford, Aldershot, and Nuneaton ; 
that much more has not been done along these lines is a matter for 
regret, having in ’ mind the wasteful conditions prevailing at many 
sewage works. 

It is but fair to observe that in some cases the existing boilers are 
too small, or for other reasons are unsuitable, and the chimney is not 
always of sufficient area or heiglit, but such cases are few. 

The record of combined works is so satisfactory, the possibilities of 
the combination are so unique and comprehensive, that one wonders 
why a greater number of such combined undertakings have not been 
established. 

Being engaged in municipal work, it gives the author no pleasure 
to state that the reason why this combination has not been more widely 
adopted is mainly due to either indifference or ignoi'ance upon the part 
of councillors. Many schemes carefully prepared by municipal engineers 
fail to materialise because they are adjudicated upon by those who 
neither know nor take the trouble to endeavour to understand what 
is involved. 

When the municipal engineer is given that credit winch is due to 
him, when tlie councillor ceases to interfere in that which he cannot 
comprehend, and no longer obstructs because he is indifferent, then this 
combination which has been so strikingly successful will be far more 
extensively adopted. 



CHAPTER V. 


DESTRUCTORS COMBINED WITH ELECTRICITY WORKS. 

Seventeen years have since steam from a destructor plant 

was first combined with an electricity works, and nearly twelve years 
have gone by since steam at a pressure of 200 lbs. to the sq. in. was 
first generated at Darwen, and utilised in the adjoining electricity 
station. 

It was confidently predicted that the combination would prove to be 
a disastrous failure, and that the experience of a very few years would 
serve to silence every advocate of the combination. On the contrary, 
there are at this time upwards of seventy-six combined destructor and 
electricity works either in operation or in course of erection in the 
United Kingdom, and some seventeen combined undertakings in other 
countries. 

During the past few years the attitude of electrical engineers has 
clianged considerably, and there lias been a disposition to carefully con- 
sider the combination on its merits. Instead of hostility there has been 
a readiness to co-operate, and this has had the effect of eliminating many 
of the unsatisfactory features of the earlier installations. 

The design and arrangement of tlie buildings and their ventilation 
liavc been improved to such an extent that the dust trouble in the engine- 
room — a source of fretiuent complaint some years since is now no 
longer heard of. Considerable attention has been devoted to the steam 
generating plant and its accessories, with the result that the working 
efficiency has been materially improved. 

The financial arrangements, as between the electricity committee and 
the sanitary or health committee, concerning the basis of payment for 
the steam supplied, which at one time threatened to be a subject of 
never-ending argument, is now but rarely heard of. Doubtless in many 
cases it has been settled by the electrical engineer, whoso offer, as a 
general rule, is now far more liberal than was the case a few years since, 
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when there certainly was a disposition to set far too low a value upon 
the steam. 

Much of the controversy of the past concerning the price to be paid 
for the steam was due to an antagonistic and overreaching policy upon 
the part of the committees concerned. The sanitary committee as 
vendors were frequently at fault in seeking to obtain too much, while 
the electricity committee as purchasers were often anxious to drive too 
hard a bargain, with the result that when a settlement was effected some 
feeling of dissatisfaction still remained. 

There is now a general consensus of opinion that the power from 
refuse should, if at all practicable, be fully utilised, and the location of 
the electricity works is usually so favourable from the cartage point of 
view that it claims very serious consideration. 

In a paper read before the Aberdeen Conference of Cleansing Super- 
intendents on April 15, 1911, Mr F. W. Brookman of Rochdale, who 
has done much to demonstrate the fuel value of refuse, expressed the 
following opinion : — 

“ You may take it that 20,000 tons of refuse per annum will run a 
tram service requiring 1,500,000 units approximately. As to what the 
cleansing department should have for such energy will depend upon 
which department pays for and supervises the generating plant, but 
while I think the cleansing department should be paid a reasonable price 
for the power they turn out, rather than not have the power used I 
would personally hand it over without payment, on the democratic 
principle that it is for the general good, and while my department would 
be something out of pocket as a department, the corporation as a whole 
would gain, in that the power was put to a good and useful purpose.” 

So long as there is departmental rivalry it will not be easy to work 
on such lines as Mr Brookman indicates. At the same time it is impos- 
sible to ignore the fact that inter-departmental payments do not affect 
the ratepayer in any way ; the net result is precisely the same in the long- 
run if there is no payment at all as between the two departments. The 
main point is to ensure the use of the power. 

In an inaugural address to the Leeds Section of the Institution of 
Electrical Engineers on November 17, 1904, Mr Walter Emmott, M.I.E.E., 
President, said : — 

“ As there is now no difficulty in getting an output of 45 kw. per 
ton of refuse of even only a fair average quality, it is evident that the 
return is worthy of consideration, as representing a certain monetary 
value which would otherwise be expended in coal, and by this means 
helps a municipality along with its electricity undertaking, and also 
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enables it to get rid of the refuse. . . . One thing is certain, that by 
combining the two departments the municipality obtains the best possible 
arrangement for efficiently disposing of its refuse, and any electricity 
obtained is an asset which would otherwise be lost unless some other 
means were found for utilising the steam.” 

Mr J. A. Robertson, Burgh Electrical Engineer of Greenock, in a 
paper ^ contributed to the Glasgow Section of the Institution of Electrical 
Engineers on February 8, 1909, very clearly set forth those conditions 
whicli should obtain in order to ensure the financial success of a combined 
undertaking, and a careful study of the data set forth in Table IV. 
will serve to show the soundness of Mr Robertson’s contentions when he 
says : — 

“ In order to justify the combination in most cases, the whole or 
nearly the whole of the available heat must be utilised ; it follows that a 
continuous load must be available at the power station. In residential 
districts where current is xised chiefly for lighting purposes, it is question- 
able if any benefit is obtained by linking up the tioo iindertakings, 
and in many cases it will be found that the disappointing results obtained 
are due to an imperfect consideration of this condition. Each case 
requires to be considered on its merits with due regard to local conditions, 
such as the price of fuel, the quality of the refuse, and especially the 
nature of the demand on the power station. Generally speaking, it may 
be said that in those industrial districts where a power load exists, or 
where a tramway supply forms part of the output of the station, the 
refuse destructor and electricity works can be combined and operated 
with financial benefit to the community.” 

Having in mind that the vexed question of payment for the steam 
is no longer the subject of serious controversy, no useful purpose can be 
served by a discussion of the various bases for payment which have from 
time to time been suggested. 

Perhaps the most equitable basis is that adopted at the combined 
destructor and electricity works of the Metropolitan Borough of Hackney. 
Here the whole of the refuse is weighed and the feed water for tlie 
boilers is measured ; the payment is based upon the actual fuel cost in 
connection with the coal-fired boilers. The amount paid for steam 
supplied from the destructor represents the actual saving effected in the 
coal account of the electricity department. 

Under these conditions, if the price per ton for coal under the annual 
contract falls, the revenue for steam decreases proportionately. On the 

1 “ Electricity Works aud Refuse Destructors, ” by Mr J. A. Robertson ; see Proceedings of the 
Institution of Electrical Engineers (Glasgow Section), 1909. 
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contrary, if the price per ton of coal rises, the revenue from the 
destructor steam increases proportionately. 

The following Table V. is a record of the work done at Hackney 
during the six years ending March 31, 1908. During that year the 
amount paid by the electricity department for steam supplied was 
£2288, Is. 3d. 

Table V. 


(1) 

(2) 

(3) 

(4) 

(S) 

(6) 

(7) 

(8) 

Yoar. 

Weight of 
Refuse 
Destroyed. 

Laigest Smallest 
Quantity Quantity 

Average 

Weight 

Total Water 

Lbs. Water 
Evaporated 
per Pound 
of Refuse 
Destroyed. 

Steam 
Utilised by 

in One 
Day. 

in One 
Day. 

Destroyed 

Daily. 

Evaporated. 

Electricity 

Department. 


Tons. 

Tons. 

Tons. 

Tons. 

Lbs. 


Lbs. 

1902-3 

34,006 

186 

41 

120 

41,411,970 1 

1 0*543 

41,411,970 

1903-4 

39,175 

189 

1 38 

128 

45,628,769 1 

1 0*519 

45,628,769 

62,075,720 

1904-5 

37,554 

190 

! 35 

122 

62,075,720 

0*738 

1905-6 

38,048 

195 

i 55 

124 

66,548,965 

0*781 

66,548,965 

1906-7 

37,956 

191 

31 

124*5 

68,147,485 

0*801 

68,147,485 

1907-8 

38,308 

187*5 

51 

124*4 

73,464,675 

0*856 

73,464,675 


During the year 1909 nearly nine million Board of Trade units were 
generated from refuse in Liverpool at five combined works, the energy 
beino: used for electric traction. The work done in connection with each 
installation will be seen from the following records : — 


Destructor. 

Tons of Refuse 

Board of Trade 

Destroyed. 

Units Generated. 

Charters Street 

58,172 

3,044,469 

Laverock Bank 

31,090 

2,069,598 

St Domingo 

37,792 

2,028,766 

Smithsdown Road . 

25,444 

1,383,783 

Garston .... 

7,117 

370,821 

Total 

159,615 

! 8,897,437 


The revenue from the sale of current is between £7000 and £8000 
per annum on the basis of *2d. per unit. 

At the Eastcroft (Nottingham) combined works during the same 
period the following results were obtained ; — 

Weight of refuse destroyed . . 34,921 tons. 

Water evaporated .... 9,861,000 gallons. 

Board of Trade units generated . 1,195,279. 
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The results of the first year’s operation of the combined undertaking 

at Greenock will be seen in the following table 

: — 


Table VI.— GREENOCK DESTRUCTOR AND ELECTRICITY 

WORKS. 

Revenue Account. 



Expenditure 



Labour — 


Per Ton. 


£ 

s. d. 

Operating destructor 

936 

1 

Treatment of residue 

134 

0 2 

Repairs — 



(a) Buildings .... 

401 

0 24 

(6) Plant ..... 

120 j 


Disposal of unsaleable residue . 

135 

0 2 

Power and light .... 

330 

0 4\ 

Rates, taxes, insurance 

83 

0 1-1 

Management ..... 

65 

0 Of 

Total 

1,843 

2 2 

Credit. 



Sale of steam ..... 

1,665 


Sale of clinker ..... 

65 



1730 

2 01 

Balance to net revenue account 

113 

0 Pf 

Total 

1,843 

2 2 

Net Revenue Account. 



Interest on £19,800 at per cent. 

696 

0 d''{ 

Sinking fund of capital 

663 

0 9^ 

Balance from revenue account . 

113 

0 1:1 

'' Net cost of disposal 

1,472 

1 8J 

Technical Records. 



L Tons of refuse destroyed 


16,995 

1 . Units produced from destructor steam 


1,142,064 

1 Units used lor power and light . 


132,006 

j I Units generated per ton 


67-2 

1 ' Total clinker produced (tons) . 


6,338 

* Total clinker sold (do.) . 


1,286 

Thci chart tig. 22 illustrates the weight of 

refuse delivered and the 

Board of ^'radc units gciiicrated per ton of refuse destroyed throughout 

the same year 11)08-9. 



TabU^ VII. is of more than usual interest, itiasmuch as tl 

1 C comparative 

results with coal and rtd'usii over a period of several months are clearly 

set forth. It may, however, with fairness be observed tliat the refuse at 

Pontypridd is exceedingly good. 
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Table VII.— URBAN DISTRICT COUNCIL OF PONTYPRIDD. 

Desteuutok Works and Electricity Generating StA'iton. 

Comparative Statement of Coal and Refuse and Units generated in the latter 
half of 1908 and 1909 respectively. 


Month 

ending 

Refuse 

Tons. 

Coal 

Tons. 

From 

Refuse 

Units. 

From 

Coal 

Units. 

Total 

Units. 

Units 
per Ton 
Refuse. 

Units 
per Ton 
Coal. 

1908 

Sept. 9 

Oct. 7 

Nov. 4 

Dec. 2 

Doc. 30 

Jau. 27/09 

'Refuse de-' 
s true tor 
not yet 
ill opera- 
tion. 

219 

225 

275 

289 

290 
269 


77,658 

84,300 

92,567 

91,149 

103,611 

100,955 

77,668 

84,300 

92,567 

91,949 

103,611 

100,955 


355 

375 

336 

318 

357 

375 



1567 


551,040 

551,040 


Av. 352 

1909 r 

Sept. 8 

Oct. 0 

Nov. 3 

Doc. 1 

Dec. 29 

Jan. 26/10 

553 

660 

782 

776 

863 

917 

54 

66 

86 

57 

66 

46 

62,302 

65,622 

68,186 

86,894 

96,304 

98*966 

19,008 

23,232 

30,272 

20,064 

19,712 

16,192 

81,310 

88,854 

98,457 

106,958 

115,016 

115,158 

1 113 
' 99 

87 

no 

no 

108 

1 

' 352 

> ? 

7 9 

9 


4551 

365 

476,273 

128,482 

604,753 

*Av. 104 5 

Av. 352 


^ This does not take into account steam wasted in blowing olf. Total works costs reduced 
from 1 '1 0 to *82 per unit— .-01500 per annura on 100,000 units per month (four weeks) Value 
of coal IB ‘5 shillings per ton — (2240 lbs.). 


What may be done in connection with a small combined undertaking 
having a good power load is shown in the following figures, covering 
oiu^ coinplcto year, and the Tabic VIII. covering one month s working : — 


FLEhyrWOOD UKBAN DISTRICT COUNCIL ELECTRICITY 
AND DESTRUCTOR WORKS. 

Results for one year ending January 17, 1910. 

Total refuse destroyed 3,362 tons. 

„ B. of T. units generated from refuse . . 244,212 units. 

Average^ „ „ „ per ton of refuse 

destroyed *^3 „ 

Average evaporation per pound of refuse 

destroyed 1*4 

' The average steam consumption per unit generated was 43 lbs. 
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Table VIII.—FLEETWOOD URBAN DISTRICT COUNCIL ELECTRICITY 
AND DESTRUCTOR WORKS. 

Montlx of November 1909. 



Week 

Ending 

Week 

Ending 

Week 

Ending 

Week 

Ending 

Total. 


Sunday 

Sunday 

Sunday 

Sunday 


7tlx. 

14th. 

21st. 

28th. 


Units generated (per meter) 

10,404 

10,147 

10,512 

11,311 

42,374 

, , used at works . 

1,252 

1,207 

1,270 

1,300 

5,029 

, , sold Private con- 

sumers . 

7,240 

6,991 

7,235 

7,880 

29,346 

,, sold. Publiu lighting 
Total units accounted for . 

1,351 

1,346 

1,362 

1,325 

5,384 

9,843 

9,644 

9,867 

10,505 

39,759 

Total units not accounted for 

561 

603 

1 645 

806 

2,615 

Percentage to generated 

5*37% 

5-9% 

6T5% 

6*2% 

6-2% 


Tons cwts. 

Tons cwts. 

Tons cwts. 

Tons cwts. 

Tons cwts. 

Fuel. Stock brought for- 

ward .... 

11 18 

14 9 

13 13 

12 3 


Coal received 

17 18 

17 15 

16 16 

19 3 

71 12 

Total stock 

29 15 

33 4 

30 9 

31 6 


Coal used .... 

15 7 

19 11 

18 6 

IS 3 

71 7 

Carried forwaid . 

14 9 

13 13 

12 3 

13 3 


No. of loads of refuse 






destroyed 

68 

67 

67 

68 

270 

Units generated (per metei) 

10,404 

10,147 

10,512 

11,311 

42,374 

, , from coal at units per 

ton 

3,837 

4,900 

4,675 

4,605 

17,800 

, , from refuse 

6,567 

5,274 

5,937 

6,811 

24.574 

, , “per load of refuse * . 

96-5 

79 

89 

100 

91 

,, per ton of coal and 

refuse . 

680 

520 

600 

630 

595 

Lbs. of coal per unit 

generated 

3-3 

4-3 

3*75 

3-55 

3-75 

Cost of coal 

£10 11 

£13 8 10 

£12 0 7 

£12 9 6 

£48 10 

Cost of coal per unit 

generated 

0'34d. 

0’32d. 

0-275d. 

0-265d. 

0-275d. 

Total water evaporated (per 1 

meter) .... 

43,500 

42,600 

45,500 

50,000 

181,600 

Total water evaporated per 

unit generated 

42-0 

42*0 

43-1 

44 0 

43-0 

Make-up water to condenser 

(per meter) 

6,000 

8,000 

8,000 

6,000 

28,000 

Percentage to total evapor- 

ated .... 

13-8% 

18-8% 

17*6% 

12-0% 

15-5% 


_ — 






* A load eq^uals approximately one ton. 


Among the most successful of the small combined undertakings are 
those of Bury St Edmunds and Cambuslang; at the former works, 
during the first eight months after the erection of the destructor, 1500 
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tons of refuse wore destroyed, effecting a saving of 380 tons of steam 
coal at 19s. lid. per ton d/d, a very creditable record for a small station. 

At Canibuslang, during the year ending May 15, 1909, the units 
generated were 117,845, of which 5891 units only were generated from 
coal, the total cost of coal for the year being £24 only. 

The following Table IX., covering twelve weeks’ working, shows that 
during half of this period no coal was burned, and it is worthy of note 
that a good proportion of the coal which is burned at these works is 
wasted in getting up steam from cold with the coal -fired boiler. The 
wages cost per ton of refuse destroyed includes not only the charging and 
clinkering, but also the weighing of the refuse. 

Tahle IX.— CAiMlJUSLANO (LANARK COUNTY COUNCIL) COMBINED 
DESTRUCTOR AND ELECTRICITY WORKS. 


Week 

Total 

Units 

Goneiuted. 

Units 

Gonorat(‘(l 

Units 

Generatofl 

Refuse 


Coal 

Wages Cost 
per Ton of 

Cost 

Ending. 

from 

Refuso. 

from 

Coal. 

Destroyed. 

Usexl. 

Refuse 

Destroyed. 

of 

Coal. 





T. C. 

Q. 

T. C. 

s. d. 

£ s. 

7/12/07 

3,2G1 

3,114 

147 

93 2 

2 

1 2 

1 1 

0 11 

14/12/07 

3,409 

2,956 

3,315 

453 

103 4 

1 

2 14 

0 Ilf 

1 7 

21/12/07 

3,591 

276 

107 6 

3 

2 2 

0 14 

1 2 

28/12/07 

3,531 

3,531 

None 

90 6 

2 

None 

1 


4/ 1/08 

3,622 

3,107 

615 

86 8 

1 

2 8 

1 2 

l’"4 

11/ 1/08 

3,441 

3,365 

76 

121 13 

0 

0 12 

0 9f 

0 6 

18/ 1/08 

3,283 

3,176 

3,283 

None 

103 0 

0 

None 

0 11? 


2.0/ 1/08 

2,763 

413 

106 1 

3 

2 8 

0 lU 

1 4 

1/ 2/08 

2,0().5 

2,965 

None 

101 3 

2 

None- 

1 o“ 


8/ 2/08 

2,797 

2,797 

None 

96 9 

0 

None 

1 01 


10/ 2/08 

2,667 

2,340 

327 

99 5 

2 

2 2 

1 o“ 

1 ”l 

22/ 2/08 

2,46cS 

2,468 

None 

100 16 

0 

None 

1 0 


29/ 2/08 

2,350 

2,350 

None 

106 15 

1 

None, 

0 14 


ToUl 

40,561 

38,364 

2,207 

1,318 12 

1 

13 8 

Is. per ton 
Average. 

6 15 


The combined destructor and electric tramways station of the 
Corporation of Preston is an excellent example of a well-designed and 
successful works. 

The average weight of refuse destroyed daily is 72 tons, and over a 
period of six months an average evaporation of 1'4 pounds of water per 
pound of refuse has been obtained. 

The weekly output of current averages about 30,000 units, and tlie 
revenue derived from the same is now about £1150 per annum. 

Table IV., herein included, brings together a great deal of very 
interesting data concerning combined works. The foregoing results are 
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separately tabulated, because in each case the figures cover a considerable 
period, and are not test figures, while the works in question are repre- 
sentative examples in various parts of Great Britain. 

Not many years since, when the combined electricity and destructor 
works Avas the subject of much controversy, it was asked why, if tlie 
combination is so satisfactory, does it fail to attract private enterprise ? 
Further, it was observed that not only do electricity companies leave the 
field to municipalities, but in towns where the electricity supply is in 
the hands of a company tliey decline to purchase either steam or electri- 
cal energy. 

The following extracts from an article ^ contributed by the autlior to 
Electrical Investments, in 1905, discusses some of the difficulties tlien 
existing, and to some extent explains tlie attitude of electricity companies 
towards combined undertakings at that time : — 

‘'If you would have value for money avoid the cheap installation as 
you would a pestilence ; pay a fair pifice, and bind the maker down to 
definite guarantees under working conditions. Do not ofibr to j^ay liim 
in paper, but rather on that equitable basis generally recognised by 
municipal authorities. It is impossible to run a destructor business on a 
paper revenue. To offer payment partly or entirely in paper will never 
tempt the best makers to tender ; those who are doing a live business 
and have their capital employed cannot afford to take payment in papcT*, 
and the sooner this is recognised by companies the better for them. 

“ If the destructor maker is offering an efficient and fully guaranteed 
plant at a fair price, it is unreasonable to expect him to take a share in 
the speculation of his client. It is impoHsil)le to conduct a modern 
engineering business on this speculative basis, and every manufacturer 
would do well to resist the introduction of such a system to the b(sst of 
his ability. 

"Why are so many municipal authorities now operating combined 
works unable to show a net profit on the refuse disposal side ? Having 
in mind that those conditions already discussed for the most part do not 
obtain in the case of a munieij)al authority, then there must obviously 
be other reasons why the record of combined municipal undertakings is 
not more satisfactory than is shown by the published returns. 

"In the first place, it may be observed that in the case of nine out of 
every ten combined works, the accounts are hopelessly mixed up. Instead 
of presenting separate accounts for the two works, clearly showing wh(u*e 
the loss is incurred, if loss there be, we have a maze of figures un- 

^ “ Are Refuse Destructors Fmancially Reproductive ? by W. Francis Goodrich, Electrical 
Investments, vol. v., No 224, Aue-. 9. 1905. 
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intelligible to the average citizen, and positively bewildering even to tl 
expert statistician. Generally speaking, there is no serious attempt i 
render lucid and separate accounts ; and when a net deficit is shown c 
the combined undertaking, the ingenious electrical engineer invariabl 
suggests that it is due to the combination of the refuse destructor. It 
perhaps but natural that this explanation should be offered by tl 
electrical engineer, but the fact remains that little or no evidence is evt 
forthcoming in support of such a statement. 

'' As a result of much investigation, the writer is of opinion that i 
the muddled accounts the sanitary undertaking is frequently dealt wit 
most unfairly. In many cases, if the figures were presented separate!; 
there is no doubt that the destructor accounts would show a net profi 
whereas the net deficit is now saddled upon the combined undertaking 
It is quite true that in some cases an exorbitant rate of payment 
demanded for the steam supplied to the electricity department, but fc 
every one example of this kind there are two cases where steam is nc 
paid for at anything like a reasonable rate. 

'' Among electrical engineers the opinion is freely held and expresse 
that their department should ‘make something out of the destructoi 
Nothing could be more absurd. Departmentally, they have no rigl 
whatever to make a profit at its expense ; and, always providing that 
useful amount of steam is available when wanted at a well-maintaine 
pressure, then steam from refuse is surely of equal value to tha 
obtained from coal. As the writer has observed many times, much c 
the objection upon the part of electrical engineers to the combination c 
destructors witli electricity works would disappear if municipal authoritie 
would only grant some extra remuneration to their servants for the extr 
work which thereby devolves upon them. 

“ When a refuse destructor is operated apart from an electricit 
works, a superintendent is invariably engaged. Why, then, fasten tlii 
work upon the electrical engineer without any extra remuneration ^ I 
is not fair treatment, to say the least of it, and with not a few engineer 
it is a grievance silently cherished, but nevertheless very material. Unlik 
Oliver Twist, they do not ask for more, but they show their resentmen 
by discounting the value of the combination generally, when the real cru. 
of the matter is that the combination is of no value to them from th 
standpoint of personal remuneration. Perhaps one of the most seriou 
mistakes made by municipal authorities in the erection of combined work 
is the provision of needlessly elaborate and expensive buildings au' 
chimneys. In pandering to the sesthetic taste many works are seriously 
over-capitalised, frequently fully twice as much money being sunk i 
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buildings and chimneys as is necessary. To thus increase the annual 
capital charges is a very serious matter indeed, as many municipal electrical 
engineers have found out ; the extra annual repayment of a few hundred 
pounds will often cripple a station for some few years. This is a blunder 
which is always carefully avoided by the electric light and power 
company, and for tliis reason they should obviously be in a better 
position to show a net surplus from the beginning. 

“ In order to ensure that a destructor shall be a financially repro- 
ductive undertaking certain conditions must obtain, which we will 
briefly discuss • — 

“(1) The capital expenditure on the plant and its accessories must 
be kept as low as possible, consistent with the best materials and work- 
manship and the highest efficiency, 

'‘(2) The cost of the building and chimney must be kept within 
reasonable limits, always bearing in mind that the. main requirements 
are that the buildings and chimney shall be substantial and well adapted 
for their purpose. Fine architectural effect is all very well, but it does 
not spell either surphzs or dividend. 

“ (3) The available power must be fully utilised. 

“ (4) In the case of a station operated by a company, the municipal 
authority should not only deliver the refuse free of charge, but, seeing 
that it is finally disposed of on a central site at the minimum of cartage 
cost to the authority, they should certainly pay the company a nominal 
sum (say 9d.) per ton of refuse destroyed. 

“(5) Where a destructor is operated by a company all residuals 
should be the property of the company, and, so far as is practicable, the 
authorities should purchase and utilise such residuals.” 

While further reasons might have been adduced to account for the 
attitude of electricity companies, time has served to show that if private 
enterprise was not then attracted because it was felt that the combina- 
tion was unprofitable, this feeling no longer exists. 

Not only are electricity companies now operating destructors to their 
own profit, but other companies are purchasing electrical energy from 
municipal works both at home and abroad. 

The destructors at St Albans and Hertford, operated by the North 
Metropolitan Electric Power Supply Co., Ltd., while presumably being 
profitable to the company, has the effect of enabling these towns to 
dispose of their refuse very cheaply. Whether it is a wise policy for a 
municipality to delegate a sanitary duty to a company is a question upon 
which there is much difference of opinion. 

The combined installation at Hertford is unusually interesting ; with 
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an average of from 7 to 8 tons of refuse daily, the electrical output 
averages about 60 Board of Trade units per ton of refuse destroyed. 

In order to obtain the maximum advantage fi’om the refuse, it is 
only burned when the steam can be fully utilised, i.e. between 3 p.m. 
and ] 0 p m. So valuable is the refuse regarded as a fuel, although the 
quality is not above the average, that no waste is permitted under any 
circumstances. 

ihe Corpoi'ation of Hertford deliver the I’efuse to the works, and pay 
the company £150 per annum for disposing of the same, which is equal 
to about Is. 3d. per ton, to which must be added the value of the steam 
and the clinker. 

The great and rapid increase in the number of combined under- 
takings, their record, and the fact that private enterprise has been 
attracted, furnish eloquent testimony as to the practical value of the 
combination. '’Chat the ratepayer does benefit is no longer a debatable 
point. The gain in .sanitary efficiency, minimum cartage cost, and in 
tlie utili.sation of the bye-products is unquestionable, and the fact that 
it is no longer tlie subject of serious controversy is an all-sufficient 
answer to the pe.ssimist. 

At tb(i same time it cannot be too strongly urged that those who may 
be rospon.siblo for the combined undertakings of the future should care- 
fully study past history, and that every case should be considered on its 
merits, d he statistics which are included in Table IV. clearly indicate 
where mistu.kes have been made in the past, the results of which in 
some cases are still evident. It would bo invidious to extract and 
sepai-ately tabulate tlu'se works ; it will suffice to say that there are a 
number of combined undc.rtakings the record of which conclusively 
stipports tlu! arguments advanced by Mr J. A. liobertson. 



CHAPTER VI. 


REFUSE DESTRUCTORS IN THE UNITED KINGDOM. 

Most of the destractor installations in the United Kingdom have been 
fully described and illustrated either in the technical press or in previous 
works on refuse disposal. 

To avoid repetition, and to bring together in useful form the 
principal data in connection with the whole of the installations in the 
British Isles, the author prepared the accompanying Table X. and the 
supplementary Tables III. and IV. (see pages 51 and 54). 

Some Representative Installations. — In briefly describing and illus- 
trating a few of the more recent installations it will be noted that 
examples of three classes have been selected : — 

(1) Destructors combined with electricity works, 

(2) Destructors combined with sewage works, and 

(3) Destructors which do not provide steam other than that utilised 
in the operation of the plant. 


ST ALBANS. 

The destructor here is of the “ Heenan ” front-fed type, and unlike 
most destructor undertakings, is owned and operated by a company. 

By arrangement with the St Albans Corporation, tlie destructor was 
erected for the North Metropolitan Electric Power Supply Company 
Limited in conjunction with a generating station, the corporation 
delivering the refuse to the works. 

The destructor consists of two 3-grate units with combustion 
chambers, 2 Babcock & Wilcox boilers of about 2000 sq. ft. of heating 
surface, each fitted with Foster superheaters. Forced draught is pro- 
vided by a fan which is arranged for driving either by means of the 
usual high speed engine or a motor of the variable speed type, with 
shunt regulator. Regenerators are provided for heating the air for 
combustion. The chimney is 130 ft. in height, and has an internal 
diameter at the top of 5 ft. 6 in. 
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^ From the cross-section and plan, see fig. 23, it will be seen that the 
building is arranged in three main bays. The destructoi', boilers, and 
pumping plant occupy the rear bay, the centre accommodates the 



Fio. 23. Heeiiaii’s Front-Fed Destraclor at St Albans. Cross-section and plan. 


generating sets and switch gear, while in the front portion are the 
battery-room, test-room, and offices. The generating plant consists of 
two 150 kw. sets. 

Fig. 24 is a section and plan o£ the destructors and boilers, also 
showing the air heaters and fan. 
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The whole arrangement of the plant is unusually compact, and the 
destructor is an excellent example of a well-designed front-fed type. 

FAKNWORTH URBAN DISTRICT COUNCIL. 

Erected in 1909, the destructor here is of the ''Heenan” front-fed 
type, and is arranged to work in conjunction with the adjoining 
electricity works. 




Fig. 24. — Keenan’s Front-Fed Destructor at St Albans. Section and plan. 

The destructor plant comprises 4 grates, the usual combustion 
chamber, and an offal hearth. The boiler is of the Lancashire type, 
30 ft. long and 8 ft. 6 in. diameter ; in the downtake a Foster super- 
heater is fixed. 

Forced draught is provided by steam-jet blowers, the air supply 
being heated in a regenerator. A Green’s economiser is provided for the 
heating of the boiler feed water. 
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THE BURGH OF GREENOCK, N.B. 

The iiivstallation at Greenock is of the Horsfall “ tnb-fed ” type, and 
consists of six cells with three Babcock & Wilcox marine type boilers, 



arranged in three distinct units, each comprising two cells and one 
boiler. 

The boilers, which work at 200 pounds pressure, are provided with 
siipcrlieaters, and tlie final temperature of the steam at the boilers is 


Fig. 25. — Greenock combined Destructor and Electidcity Works. Plan. 
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550^ Fahr. For the heating of the boiler feed water a large economiser 
is installed. 

The steam is fully utilised in the generating station with which the de- 
structor is combined The general lay-out of the works is shown in fig 25. 

The average weight of refuse destroyed daily is about 57 tons, and the 
revenue from steam supplied during the first year of operation was £1665. 

The total cost of the installation, including one half of the cost of 
the site and tlie chimney, the buildings, furnaces, plant, economiser, and 
a proportion of the steam and feed piping, was £19,800. 


REDDITCH URBAN DISTRICT COUNCIL. 


The destructor here is of the '' Heenan ” back-fed type, comprising 
one 3-grate unit with combustion chamber, a Babcock & Wilcox water- 
tube boiler having 1467 sq. ft. of heating surface, a regenerator, and fan- 
forced draught. 

The steam is fully utilised in the adjoining electricity works ; no 
charge is made for the steam, but the electricity department pay the 
wages of the firemen and also maintain the plant. 

The average weight of refuse destroyed per annum is 2800 tons, the 
whole of the clinker is crushed and screened, 3s. 6d. per ton being obtained 
for the best ; the rough clinker is sold at Is. per ton, and is utilised for 
road foundations. 

Prior to the erection of the destructor the refuse was carted to a tip 
two miles out of the town at a cost of 4s Id. per ton: as it is now 
disposed of near the centre of the town a considerable saving in the 
cartage cost has been effected. 

The total cost of the scheme was as follows : — 


Cells, combustion chamber, regenerator, boiler, 
fan, and engine ....... 

Buildings and approach road . . . . 

Clinker, crusher, elevator, and motor . ’ . 

Incidental expenses ...... 


£ s. d. 

2480 0 0 
766 0 0 
185 0 0 
57 0 0 

£3488 0 0 


PRESTON CORPORATION. 


One of the most complete and successful destructors supplying steam 
for electric traction purposes is that at Preston, which has the further 
distinction of being the largest front shovel-fed destructor in the world. 

This installation, which comprises four units of 4 grates each, replaced 
a top-fed destructor which was erected eighteen years before. Fig. 26 is 
a view of the present plant in course of erection. 
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Each 4-grate unit is provided with a combustion chamber, the 
gases from which pass through a Lancashire boiler, 30 ft. by S ft. Two 
units are equipped with apparatus for lifting and transporting large 
carcases, which are dropped into the combustion chamber from above. 
Figs. 27 and 28 are views on top of the cells illustrating the handling 
of the carcase of a horse, and the removal of the top of the combustion 
chamber prior to dropping the carcase therein for cremation. For the 



Fig. 26 ~ Preston Destructor, in course of erection 


disposal of offal without handling two units are provided with overhead 
gantries and special offal shoots. 

Forced draught is provided by steam-jet blowers which work in 
conjunction with the regenerators, while for the heating of the feed 
water a large economiser is installed. 

In the adjoining traction generating station are two horizontal 
cross-compound traction sots, which are used alternately, steam being 
provided from the destructor, which also provides steam for generat- 
ing plant for lighting the car shed, workshops, destructor, stables, 
storeyard, etc. 
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Fig. 28. — Preston Destructor, carcase cremation. 
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HODDESDON URBAN DISTRICT COUNCIL. 

This installation is of special interest because it is one of the very 
few small destructors providing steam in conjunction with a sewage 
works. 

The destructor, which is of the “ Sterling ” front-fed type, has a 
total grate area of 14 sq. ft., and is what is known as a 2-grate 



Fuj. 29.— lloddesdoii Dostriictor, view of buildings and tipping platform. 


destructor, although provided with a single large firing door. Between 
the furiiace and the Babcock & Wilcox boiler is a combustion chamber. 

Forced draught is provided by steam-jet blowers ; owing to the small 
capacity of the plant a regenerator was not installed. 

Fig. 29 illustrates the tipping platform, buildings, and the chimney, 
which is 40 ft. in height. Fig. 30 is a view of the destructor and boiler, 
while in fig. 31 the high-speed engines and tlie direct-coupled Gwynne 
centrifugal pumps are illustrated. 

As will be observed, the wliolc installation, which was designed by 
Messrs John Taylor, Sons, & Santo Crimp, is very compact, and the 
destructor affords an interesting example of what may be done in a very 
small town with but 5 tons of refuse daily. 
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For use when the destructor is idle, for cleaning, a small Cochrane 
vertical boiler has been installed. The clinker is fully utilised in con- 
nection with the filter-beds at the works. 



Fig. 30. — Hoddesdon Destructor, view of cells and boiler. 


GUILDFORD CORPORATION. 

The destructor here is of the top-fed, isolated-cell type, and 
was erected by Messrs Manlove, Alliott & Co., Ltd. The plant com- 
prises four cells, each having 25 sq. ft. of grate area, with drying 
hearth. 

The cells, with two Babcock & Wilcox water-tube boilers, are 




REFUSE DESTRUCTORS IN THE UNITED KINGDOM. 


arranged on the Wood & Brodie system, a boiler being set between two 
cells. F orced draught is provided by steam-jet blowers. 

For the storage of the refuse, platforms are arranged at the rear of 
the charging openings at the top of the cells. 

The chimney is 100 ft. in height, 4 ft. in diameter at the top, and 
octagonal in plan, lined throughout in firebrick. 

The steam is fully utilivscd for the operation of air-compressing plant, 
for the supply of an extensive ejector system. In the compressor house, 
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Kicj. Hoddcadou Destructor, view of engines and centrifugal pumps. 

which adjoins the destructor, arc three sets of air compressors, each set 
ctonsisting of two double-acting air compressors, driven by a cross- 
compound steam engine; in the same building are a surface condenser 
«xnd steam-driven air and circulating pumps. 

''Pile comprossed-air mains extend direct from the engine-room to 
ciglit ejector stations, at each of which the ejectors are in duplicate, 
varying in capacity from 1200 gallons to 50 gallons per minute. 

For tlio lighting of the works a small high-speed Keavell engine 
with a Verity shunt wound dynamo is installed, steam being provided 
from the destructor boilers. 






Fig, 32. Meldriim’s Front-Fed Destructor at Tndckenham. Plan and sections. 
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TWICKENHAM URBAN DISTRICT COUNCIL. 

One of the most successful destructors combined with a sewage 
works is that at Twickenham, which is a typical Meldrum front-fed 
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During the five years prior to the erection of the destructor the 
average annual coal consumption was 1000 tons, costing £800, and for 
the last year out of the five years, viz. 1906, 1220 tons of coal were 
burned, costing £976. 

The pumping plant in the adjoining sewage pumping station comprises 
two triple-expansion vertical condensing engines, having a capacity of 
6,000,000 gallons per day. The auxiliary plant consists of sludge 



Fig. 35. — Twickcuiliam Urban District Council (•.onibiiied Destructor and Sewage 
Works, view of cells. 

ejectors, and also two 10-kw. generating sets, wliich supply current 
for the lighting of the councils Isolation Hospital at Wliitton, rather 
more than a mile distant from the destructor and sewage works. Fig. 
33 is a view of the triple-expansion vertical pumping engines. 

Since the erection of the destructor, and during the year ending 
March 31, 1909, 5229 tons of refuse were burned, and 40 tons of coal 
only, a remarkably fine result at a works where tlie pumping load is 
exceptionally heavy. 

Fig. 34 is an external view of the combined sewage and destructor 
works at Twickenham, while fig. 35 shows the cells from the charging 






8o 


MODERN DESTRUCTOR PRACTICE, 


GAINSBOROUGH URBAN DISTRICT COUNCIL. 

The installation at Gainsborough is a typical Meldrum back-fed 
plant, differing only from the usual Meldrum type in the omission of a 
regenerator. 



Fig. 36. — Meldruni’s Back-Fed Destructor at Gainsborough. Plan. 
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The general lay out of the plant is illustrated in plans in fig. 36. 
Briefly described the destructor consists of two grates, each having an 
area of 25 sq. ft., witli drying hearths, and a spacious combustion 
chamber. The boiler is of the Lancashire type, 30 ft. long by 7 ft. in 
diameter, for a working pressure of 120 lbs. ; a bye-pass flue is provided 
owing to the impossibility of fully utilising the steam. 

The chimney, which was erected in 1894 for a brickworks, is 110 ft. 
in height, and was lined witli firebrick and reduced in area to be suitable 
for destructor purposes. 

The buildings are in red local bricks witli stone dressings and white 
brick panels. The inclined ajiproach roadway, which is 13 ft. wide, has 
a, gradient of 1 in IS, the tipping platform being arranged over the 
engine-room in ferro concrete. The surface of the approach roadway is 
paved with Mountsorrel granite setts. 

The guaranteed capacity of the destructor was 1 ton per hour ; at the 
present time the daily collection of refuse is about 16 tons. 

Tbe cost of the conq)lcto scheme is given as £7000, the details being 
as follows : — 

f s. d. 

acres of land ...... 1200 0 0 

Buildings, inclined roadway, tipping platform, etc. 2000 0 0 

Destructor, boiler setting, flues and chimney lining 1444 1 0 

Boiler, water softtuier, storag(‘. tank, engine and 

dynamo 752 10 0 

Miscellaneous items, including new refuse collec- 
tion vehich^s . . . 406 0 0 

Law costs and incidentals . , . 97 9 0 

4i aenss of l<‘ind . ... 1100 0 0 

£7000 0 0 

ROlTTlKiATB ITRBAK DTRTRICT COUNCIL. 

K(‘re the destnu'toi* was tu’ecied by M(issrs Manlove, AlHott, & Co., Ltd., 
and consists of four c(‘lls of th(‘. isolabid type, and one Babcock & Wilcox 
water-tube boihu-. 

For the storagn^ aiul charging of the refuse Boulnois & Brodie’s system 
is installed j this systcmi is iully described and illustrated in another 
chaj)ter. Forcunl draught is provided by means of steam- jet blowers. 

The chimiu^y is 140 ft. in lieight, and with the main flue was 
designed to ultimabdy stnwe eight or ten cells. At the base of the 
chimney a dust arr(\stor is provided. The site comprises about two 
acres, and the total cost of the schoTne, including the site, was about 
£ 10 , 000 . 
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THE BURGH OF CLYDEBANK, N.B. 

Here the destructor is of the “ Heeiian ” back-fed type, as erected in 
1906; the plant comprised two 2-gTat6 units, but was extended in 1910 
to two 3-grate units. 

A Lancashire boiler 22 ft. by 7 ft. 6 in. is connected to each unit, 
and, owing to the difficulty of utilising the power fully, bye-pass flues 
are provided. 

Forced draught is provided by means of steam-driven fans, working 
in conjunction with regenerators for heating the air supply. 

The buildings are in brick, of very substantial construction ; the 
chimney is 125 ft. in height. 

For the treatment of clinker a crushing and screening plant with a 
mortar mill is provided. The total cost of the whole plant, including 
land, was about £11,107. 

DUBLIN CORPORATION. 

The Dublin Corporation destructor is an excellent example of the 
Meldrum back-fed type, comprising two 4-grate destructors with com- 
bustion chambers, Babcock & Wilcox boilers, regenerators, and steam- 
jet blower forced draught. 

This installation, which is illustrated in fig. 37, replaced an old top- 
fed destructor, and deals with an average of about 110 tons of refuse 
daily. 

Among the interesting features of this installation is the use of the 
tramway track of the Dublin United Tramways for bringing refuse to 
the destructor. During the daytime refuse collected in outlying parts 
of the city is carted to the tram depots, and after midnight, when the 
passenger service has ceased, the refuse is brought to the destructor in 
special tip wagons. This system has worked admirably, and the cost is 
said to be very low. 

At the destructor works the steam available is only partially utilised, 
and much of the available power goes to waste. 


PAIGNTON URBAN DISTRICT COUNCIL. 

The destructor here was erected in 1909 for the Paignton Electric 
Light and Power Co , Ltd., and is of the '' Sterling ” back-fed type 
having two grates. 

A Cornish boiler 10 ft. by 5 ft. i.s installed, but as steam is only 
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required for forced draught and works purposes, the boiler is not set in 
brickwork but rests on cradles, the gases passing through the centre flue 
tube only. Forced draught is provided by steam -jet blowers, and the 



Fig. 39. — Blantyre (Lanark County Council) Destructor, view of building and chimney. 


air supply is heated in a suction regenerator. The buildings are in 
corrugated iron, the chimney, which is of the Custodis type, is 70 ft. in 
height. 

Under the present arrangement the Paignton Urban District Council 
deliver the refuse at the electricity works, and pay the Electric Light 
Company so much per ton for disposal. 
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BLANTYRE — LANARK COUNTY COUNCIL. 

This installation, which may be taken as typical of the Sterling ” 
front-fed desti-uctor, comprises a 3-grate destructor with a combustion 
chamber, a Lancashire boiler 28 ft. by 7 ft. 6 in. for a working pressure 
of 100 lbs. to the sq. in., steam-jet blower draught, and a regenerator. 
Fig. 38 is a view of the cells and refuse hopper. Fig. 39 illustrates the 
building, tipping platform, and steel chimney, whicli is 70 ft. in height, 
having an internal diameter of 3 ft. 6 inches. 

The steam is utilised for forced draught, and for driving a small 
generating set for the lighting of the works. 



CHAPTER VII. 


THE DESTRUCTOR SITE. 


During the past fifteen years about 200 refuse destructors have been 
erected in the United Kingdom : of this number, upwards of 150 have 
been erected on sites in close proximity to residential property, while a 
considerable number of destructors have been erected on centrally located 
and critical sites. 

Nuisance of any kind is but rarely heard of, and it has been clearly 
shown that a destructor may be operated on the most central site with 
a complete immunity from offence. 
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Fig. 40. — Diagram showing condition of the products of combustion as discharged from the 
chimney of the “Sterling” Front-Fed Destiuctor at Blantyre. 


It is no exaggeration to say that the discharge from the modern 
destructor chimney is of a much less offensive nature than is the case 
with the average coal-fired boiler chimney. 

Fig. 40 is a diagram prepared by the engineer to the public health 
department at Hamilton, as the result of observations of the destructor 
chimney at Blantyre, N.B. 

From a ratepayer’s point of view, the central site is of great impor- 
tance, inasmuch as the cost of haulage is reduced to the minimum, in 
addition to which the scavenging is done quickly. 

The importance of carefully considering the cost of cartage need not 
be emphasised : whether the refuse be 10 tons or 150 tons daily, when 
once the point of disposal is settled the charge becomes a perpetual one. 

Further, and again from the point of view of the ratepayer, it is very 
desirable that if possible the steam should be fully utilised. If this can 
be done on a central site then so much the better. As a general rule 
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Kicj. 41. — 'VVuUlianistow Urban District Council Destructor, showing close proximity of houses. 



Fig. 42. —Kettering Destructor, view showing houses overlooking the destructor yard. 
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the electricity works is so located that a considerable saving in cartage 
cost can be effected as compared with cartage to the refuse tip. 



While both sewage works and, under certain circumstances, water 
works, provide a profitable outlet for the steam available from a de- 
structor, frequently these works are so located that, from a cartage 
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point of view, the cost of collection and delivery is but little cheaper 
than when the refuse is tipped. On the other hand, there are both 
sewage and water works in considerable number which are so located 
that a reasonably low cartage cost could be secured in perpetuity if 
these sites were chosen for the erection of destructors. 

The cost of cartage is so serious and the advantages of centrally 
located sites has been so clearly shown that the author has thought it 
desirable to illustrate some destructor sites and their surroundings : — 



Fig. 44.— Sheeniess Destructor (arrow iiidicatos school, adjoining tipping platlorin). 


Fig. 41 is a view taken from the tipping platform of the Waltham- 
stow Urban District Councirs destructor and si^-wage works. 

Fig. 42 illustrates the end of the destructor building and the clinker 
yard at Kettering, where tlio destructor is comlnned with the electricity 
works. In the background and overlooking the works, houses will be 
observed. 

In fig. 43 the combined destructor and sewage works of the Corpora- 
tion of Weymouth are illustrated : these works are situated within five 
minutes’ walk of the centre of the town. 

The location of the destructor and water works of the Sheerness 
Urban District Council is seen clearly in fig. 44, a school, with open 
windows, overlooking: the aDOroach to the destructor tinnino- -nlntfnrrYi 
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Figs. 46 and 46 serve to illustrate the critical location of the 
destructor at Wrexham^ which is combined with the electricity 
works. 

The destructor works at Moss Side belonging to the Corporation of 
Manchester are illustrated in fig. 47, and it is worthy of note that the 
houses overlooking the destructor works have been erected since tlie 
destructor has been in operation. 

The author was intimately concerned with the erection of tlie 



Fig. 45. — Wrexham Destructor buildings, showing critical location. 


destructors at Walthamstow, Kettering, Weymouth, and Sheerness, and 
strongly advocated the sites chosen. These works have been in operation 
for from seven to nine years past, with a complete immunity from 
nuisance, while the saving in cartage cost alone has been very con- 
siderable. 

, At Kettering the saving in the cost of cartage is £250 per annum, 
and at Weymouth and Sheerness £234 and £300 per annum respectively, 
in addition to which in each case the steam is fully utilised. 

Fig. 48 is a view of the destructor site at Prahran (Melbourne), the 
selection of which aroused much hostility. In a paper contributed 



K[<;. IG.—Wruxluuii Destructor, sliowing houses adjoiiiiiig the works. 


was scarcely to be expected tluit there would be no opposition to the 
Praliran installation. 

“ The gai’bage tip has long been a familiar feature in Melbourne and 
suburbs The population had grown up with them until they had 
almost come to look upon tliem as old friends whose ‘failings even 
leaned to virtue’s side.’ Many who would philosophically behold the 
accumulating pile of refuse at the tip undergoing the slow process of 
fermentation, object in the most forcible language to the operation of a 
destructor. Should its chimney emit a light vapour, it is described as 
belching forth volumes of nauseating smoke, and the particles of soot 
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and carbon given forth by jDassing trains, and from factories or domestic 
chimneys, are at once placed to the credit or discredit of the destructor, 
in whose flues not a particle of soot is to be found. The old insanitary 
high refuse carts passed the citizens’ doors to the tip unheeded, but the 
neat, modern, low-bodied carts, introduced by the council, designed with 
tight-fitting metal covers, and set low on the axle, are vehemently 
objected to because their destination is the destructor instead of the tip. 
They are unsightly, insanitary, and noisy, though mounted on springs 
for the express purpose of reducing noise. The exhaust and waste 
steam issuing from the boilers, which are fed with Yan Yean water, is 
said to emit a horrible smell, because these boilers are heated with 
destructor furnaces. 

“Needless to say, the great majority of the complaints have, on 
investigation, been found to be without foundation. One complaint 
was actually made regarding the smell before the furnaces were at 
work or any refuse had been delivered at the destructor. Others have 
been made regarding smells on Sundays, though under no circumstances 
has there been any refuse remaining over from Saturday evening. But 
in some tlie imagination is vivid, and prejudice dies hard with the 
majority of us.” 

Mr Oalder’s statement is no exaggei'ation, and it is but typical of 
what actually happens in this country. Prejudice here may be dying, 
but it expires very slowly; those who have been concerned with the 
installation of refuse destructors in England will be well aware that 
nearly every site chosen for a refuse destructor is objected to. 

Mr Calder anticipated opposition at Prahran because, as he says, 
15,000 miles away from England, little is known regarding refuse 
destructors. The ti*uth is that here in England where over three 
hundred d(istructors are in daily operation, an ignorance has to be 
combated such as is probably without parallel in any other country. 

''.Die author ri^calls tliat when the Kettering Urban District Council 
decided to er(‘ct tlu‘ desti-uctor on a central site adjoining the electricity 
works some eight years since, he was invited by the council to deliver a 
series of thretj lant(‘i*n lectures to some liundreds of the ratepayers to 
show what a destructor regally was, and to endeavour to prove that 
destructors were actually in existence elsewhere, and in many instances 
on central sites. 

While this educational work, of whicli the author has done a great 
deal, had the effect of breaking down much ignorant opposition prior to 
the Local Government Board in([uiry, a large sum of money had been 
subscribed for the briefing of counsel to represent the opposition, and 
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the Kettering council were opposed at the Local Government Board 
inquiry, but all to no purpose. The Local Government Board sanctioned 
the application of the Kettering council and the destructor was erected : 
not a single complaint of nuisance of any kind has ever been received. i 
The author could refer to many other similar cases ; probably there 
will be many more in the years to come. The attitude of many rate- 
payers towards the provision of a refuse destructor is incapable of 
explanation. It is impossible to please the man who does not object to 
the presence of a refuse tip near to his house, but wishes a refuse 
destructor to be erected some miles out of the town; it is useless to 
argue with this class of individual ; he must be fought in tlie intere&ts of 
the ratepayers generally. 



CHAPTER VIIL 

DESTRUCTOR SPECIFICATIONS. 

It is very desirable that specifications for refuse destructors and 
accessories should be clearly drawn, and that the engineer responsible for 
the preparation of the specification should indicate clearly what is 
required. 

In the desire to be fair to the various makers, there is at present a 
tendency to issue outline specifications only, with the result that the 
tenders and schemes submitted vary to such an extent that it is 
impossible to find any common basis for comparison. 

Under such circumstances it is frequently found that the destructors 
offered vary in type from mechanical-feed to shovel-feed. Some makers 
offer Water-Tube boilers, others Lancashire, Cornish, or even multitubular 
types. The boilers vary greatly in heating surface, and accordingly in 
price. Some makers include regenerators, others do not; in some 
schemes fan draught is included, in other schemes steam-jet blower 
draught. The buildings vary in character, size, suitability, and cost. 
The chimney may be 150 ft. in height or only 80 ft., while in many 
other important details the schemes will materially differ. 

Even if the schemes are critically compared in detail, which un- 
fortunately does not always happen, the practice of inviting tenders on 
an open specification is unfair, inasmuch as most makers are in a 
position to tender to specific requirements, and much prefer to do so. 
When it is proposed to spend the minimum amount on a destructor 
plant, it is, to say tlie least of it, utterly absurd to issue such a specifica- 
tion as may lead a reputable firm to offer a scheme of such a nature as 
cannot possibly be accepted, whatever its merits may be, because of the 
price. 

Faced with a number of schemes varying widely in design and cost, 
the course sometimes adopted is not to accept any tender, but to settle 
upon a type, and then to invite fresh tenders. Much waste of time and 
money might be avoided tif the type were chosen and specified orip*inallv 
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When tenders are invited for a specific type of destructor the 
specification should be as complete and definite as possible, so that 
tender's may be fairly compared with the minimum of trouble. 

Unless this course is adopted the engineer will experience some 
difficulty in making a fair comparison between the various schemes 
submitted, a task which demands considerable care, however complete 
the specifications may be. 

In comparing tenders and schemes it is of the utmost importance to 
look closely into all the details of the specification and the drawings, 
not only in fairness to those who have tendered, but also to make 
certain that the tender accepted shall be for a scheme which embodies 
all the features which are necessary for securing the maximum working 
efficiency, reliability, low maintenance cost, and facilities for easy opera- 
tion, under comfortable working conditions. 

Maximum Working Efficiency. — To ensure the maximum working 
efficiency it is, for instance, of vital importance to specify a destructor of 
the “ continuous-grate ” type in preference to the “ cellular ’’ or isolated- 
cell type. It is unnecessary to discuss the relative advantages of the 
two systems here, as this matter is fully dealt with in another chapter. 
It will suffice to say that the question is no longer a debatable one. 

Reliability. — Absolute reliability is essential, and there is much in 
every destructor scheme which will either ensure reliability or the reverse. 

No mechanically-fed plant is, or can be, as reliable, at all times and 
under all conditions, as a simple top- or shovel-fed destructor. It can- 
not be too frequently urged that simplicity conduces to reliability. 

Next to the destructor, the boiler calls for special consideration, and 
as a general rule it is advisable to have the specification for the boiler 
and its accessories prepared by a Boiler Insurance Company, and to 
arrange with them for complete inspection and testing at the maker’s 
works and on the site. If this course is adopted, and it is inexpensive, 
much trouble is saved, and those tendering are brought into line. 

The boiler feed pump should be of first-class make, of ample capacity, 
and capable of meeting variable demands over a wide range. Those 
tendering should be required to state in their specification the name of 
the proposed maker. Some cheap pumps give much trouble and cannot 
be relied upon. 

The author has endeavoured to bring together in the form of a draft 
specification those important features, based upon the best modern 
practice, for ensuring first-class material, the most durable construction, 
the minimum cost for repairs and maintenance, efficient operation, and 
satisfactory working conditions. 
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SPECIFICATION. 

Tlie destructor shall be o£ the fed type, capable of burning to 

an innocuous and vitreous clinker tons of refuse per day of hours. 

Lining of Cells. — The interior of the cells or furnaces shall be lined 
with firebrick 9 in. thick from two courses below grate level. The first 
five courses above the grates shall be headers to minimise the damage 
caused by firing tools. 

Wall Thickness. — The front walls of the furnaces shall be 14 in. 
thick of firebrick throughout, the end and back walls shall be 23 in. thick, 
including 9 in. of firebrick. All bridge walls shall be 18 in. thick in 
firebrick above tlie grate level. 

Facing Bricks, etc. — The facing bricks for the furnaces (and boiler 
setting) to be tlie best pressed red bricks : samples are to be submitted 
for approval. 

For all work between the external walls and the lining good wire- 
cut or common red bricks are to be used, samples of which are to be 
submitted for approval. 

Firebricks. — The firebricks arc to be heavy, hard, close grained, and 
well burnt, and of the best Stourbridge or equal make : samples are to be 
submitted for approval. 

The firebricks shall be laid with the thinnest possible joints in best 
fireclay cement. 

For all firebrick arches^ special radiated or purpose made bricks 
shall be used. 

Framing. — The furnace and ashjfit fronts shall be securely bolted to 
a rolled steel framing, consisting of bulb tees and channels to act as 
buckstavos, the tops of all buckstaves being tied by rods 1] in. diameter, 
the bottoms resting upoti cast-iron shoes firinl 3 ^ bedded in concrete. 

Staying. — The whole structure shall be stayed with compound buck- 
sta\'es of 0 in. x 3 in. H iron, provided with distance pieces, and firmly 
bolted together. The furnace shall be tied by means of stay rods in. 
diameter, having screwed ends in. diameter. To permit of free 
expansion the rods should preferably be enclosed in tubes embedded in 
the concrete filling. 

Labour. — (An optional but very desirable clause.) — It is desirable 
that this class of work should be done by experienced men, and those 

^ The best practice in arch construction is to spring the arches from heavy cast-iron skew- 
backs, bolted to the buckstaves ; above the 9 m. firebrick arch, with an air space of 3 in. 
between, a 9 in. rod brick arch should be provided. For durability this method of construction 
is superior to any other, as the arches stand well, and the side walls can be cut away and re- 
paired whenever necessary without in any way interfering wiili the arch. 
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:enciering will not be permitted to sublet the furnace brickwork or Hues 
n connection therewith, either locally or otherwise. 

Protection of Lining. — For minimising the adherence of clinker to 
:he firebrick walls, solid sloping deadplates in heavy cast iron, at least 
3 in. wide, shall be provided, or, alternatively, the walls shall be faced 
svith cast iron air-cooled protection plates, extending at least 9 in. abo\'e 
yrate level. 

Combustion Chamber. — A combustion chamber of ample size shall 
3e provided, and shall be so arranged that the gases from the grates sliall 
De thoroughly mixed, and the maximum of dust intercepted. The com- 
Dustion chamber walls shall be lined with the best Stourbridge or equal 
irebricks, 9 in. thick, the floor ^ shall be formed of similar firebricks, 

in. thick, laid on edge. The arch construction shall be similar in 
ivery respect to the arch construction for the furnace. The combustion 
ihamber shall be provided with one large cleaning door for access to the 
jhamber; this door shall be preferably of the vertical lifting type, 
irranged to slide between guides in a massive frame. The door sliall be 
lung on wire ropes connected to balance weights, and shall be machinc- 
‘aced and lined with firebrick. 

Main Flue.^ — The main flue shall be of ample cross-sectional area, 
ind lined with firebrick in. thick. 

Bye-pass Flue. — The bye-pass flue shall be of ample cross-sectional 
irea and lined with firebrick 9 in. thick. A suitable cold-air inlet door 
und frame shall be provided, the door being capable of regulation for 
idmitting air for the dilution of the gases. 

Furnace Fittings. — Each furnace shall be provided with the 
lecessary doors, door frames, furnace and ashpit fronts, deadplates, fire- 
bars, bearers, door balance weights, pulleys, etc. 

Furnace Doors.^ — All charging and clinkering doors shall be in heavy 
iast iron, preferably of the guillotine type, and shall be lined with fire- 
3rick, properly balanced, and arranged to make joint on machined faces. 

Access and Cleaning Doors.— With the exception of the access doors 
:o the combustion chamber and furnace ashpits, all access doors shall be 
bf the lift-off* type, of ample size, and suflScient in number and in suitable 
positions to facilitate the work of inspection and cleaning. The doors 
ind frames shall have machined faces to make tight joints. 


^ The combustion chamber floor should be at least 12 in. below the level of the clinkeriii cr 
[oor. ' 

If it is proposed at some future time, to extend the destructor, the main flue should he 
arge enough to provide for such extension. 

=< The type of ehar^g doors in top-fed destructors may be left to the maker, hut gas tight 
[oors should be insisted upon. Water seals are not at all desirable under such conditions as 
htain in the destructor building. 
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Cast Iron. — All cast iron used, with the exception of that used for 
balance weiglits, shall be tough, close-grained, and of good quality, free 
from blowholes or other defects. 

Wrought Iron. — All wrought iron shall be of the “Best Best” or 
other approved brand. 

Boiler. — The boiler shall be of the type, and shall 

conform strictly to the following specification. Those tendering are 
required to include in their tender the sum of £ to cover 

the cost of inspecting and testing the boiler. [Here insert complete 
specification of Boiler Insurance Company, j 

Boiler Setting.’ — The outside walls shall be 18 in. thick, the fire- 
brick lining throughout shall be 4i in. in thickness, the best Stourbridge 
firebricks or equal shall be used for this purpose, and a sample shall be 
submitted for approval. 

Feed Pump. — The boiler feed pump shall be of or other 

approved make, and shall be capable of delivering gallons per hour 
against a boiler pressure of pounds to the sejuare inch. 

Injector. — The injector shall be of Gresham & Craven's, White's, or 
other approved make, capable of delivering gallons per hour against 
a boiler pressure of pounds to the square inch. 

Feed-Water Supply Tank. — A feed-water tank for the boiler 
supply, having a capacity of gallons, with the necessary supports, 
shall be supplied and fixed in a suitable position. The tank shall 
be covered. 

Water Softener. ^ — A water softener of the Lassen & Hjort or equal 
make shall be supplied and fixed in a suitable position. The softener 
shall have a capacity of gallons per hour, and shall be capable of 
reducing the hardness of the water from ° to °. 

Steam and Water Pipework. — Those tendering are re(|uired to 
include in their tender for supplying and fixing such steam and water 
piping as is recpiired within the destructor building only, with the 
exception of the exhaust steam from the feed pump or fan engine which 
is to be led outside the building. All steam piping above 1 in. in 
diameter should be flanged. All steam fittings shall be in gun-metal, 
heavy pattern. 

Covering of Boiler and Steam Piping. — Tlie boiler and such steam 
piping as come within the scope of this contract shall be covered in a 
suitable manner with the best non-conducting composition. 

^ Witli a water-tube boiler, if it is proposed to use the same boiler for supplementary coal- 
hung, the firebrick lining sliould be 9 in. thick where the temperature will exceed 1000® Fahr. 

^ The feed water should be, preferably, analysed. 
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Accessories.’- — The following acees.sories shall be provided : — 

complete sets of firing tools. 

clinker barrows. 

Forced Draught.— If steam-jet blowers are proposed for this purpo.se 
hey must be arranged to work noiselessly. Ordinary open blowers 
vill not be deemed satisfactory. 

Each blower shall be provided with a separate valve and cock, so 
irranged as to he easily removable for repair. 

Air Heating.— The air supply for combustion shall be continuously 
mated, preferably by means of a regenerator or recuperator arranged 
)eyond the boiler. No method of air heating will be deemed satisfactory 
vhich does not utilise the waste heat for this purpose. Those tendei’iug 
,re required to state the average temperature of the hot air in the air- 
onduit, which they must be prepared to guarantee (see Guarantee, 5). 
i’urther, the number of regenerator tubes should be stated, as also their 
ength and diameter, and the method of attachment oi‘ connection to the 
ilates. 

Ventilation of the Building. — Means for continuous and positive 
■entilation of the building shall be provided, preferably by means of 
he forced-draught apparatus, which should be so arranged as to take 
he entire air supply for combustion from within the building. 

Maintenance.— The maintenance period shall be ^ months 

rom the time of lighting the slow-drying fires, during which period the 
ontractox’ shall execute all repairs which may become necessai’y owing 
0 faulty workmanship or material, fair wear and teai’ excepted. 

Terms of Payment. 1 he contractor shall be entitled to receive 
uring the progress of the work 80% (eighty per cent.) of the contract 
rice, and upon completion of the contract and after the due perform - 
nee of the guarantees a further 10% (ten per cent.). The remaining 
alance of 10% (ten per cent.) shall be paid to the contractoi' ^ 

xonths after the completion of the work and the fulfilment of the 
uarantees. 

Guarantees.— The nature and scope of the guarantees will vary^ 
ccording to the character of the plant and the requirements therefrom, 
ut the foUowing guarantees will suffice for ordinary purposes 

(1) The destructor of grates or cells shall consume continu- 

usly under normal working conditions tons of such refuse as is 
sually collected in per day of hours. 

^ “y ^Wch may be 

“ This may be six, nine, or twelve months ; six months is a reasonable period. 
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(2) There sliall bo an entire immunity from nuisance in the form of 
smoke, fumes, or dust, both from the chimney and the building. 

(3) ^ Tlie evaporation per pound of refuse destroyed during the 
winter months shall be , and during the summer months , in 
both cases calculated as from and at 212° Fahr. The guaranteed evapora- 
tion shall be net, — i.e after allowing for the use of steam required for 
forced draught, feed pump, etc. 

(4) ° The average combustion chamber temperature shall be not less 
than ° Falir., and the minimum temperature shall not be lower than 

° Fahr. 

(5) Tlie average temperature of the hot-air supply for combustion 
shall be not less than ° Fain*. : this temperature shall be ascertained 
in the hot-air conduit. 

(6) The clinker shall be vitreous and free from organic and com- 
bustible matter. In winter the percentage of clinker and ash shall not 
exceed per cent., and in summer per cent. 

(7) Under normal working conditions the labour required for the 
burning of tons ol; refuse, as set forth in Guarantee (1), and the 
removal of the clinker outside of the building, shall be men per 
shift of liours. 

Penalty for Non-fulfilment of Guarantees.— In the event of failure 
in the performance of any one of fche afore-mentioned guarantees a sum 
shall be deducted from tlie contract sum ecjuivalcnt to ^ per cent, there- 
of. At the same time, if any one or more of the other guarantees given 
is exceeded or improved upon, this shall bo taken into consideration. 

The Destructor Building. — Tt is very desirable that destructor 
buildings should be well provided with light and air, and they should 
be reasonably spacious, to provide the most comfortable working con- 
ditions possible. The provision of messroom accommodation, lavatories, 
and bath, as well as lockers for clothes, are points which should receive 
careful consideration. 

The Chimney. — While a high chimney is not necessary, to meet 
sentimental objections it is fre(]uently found desirable to provide a 

^ In coiiiioction with n plant for stoani ^(jnm*atiou this is a very desirable course to adopt, in 
winch cahB a twonty-lbiir hours’ tost would he made at each season. 

If so})avate guarantees for winter and suiimier are not asked for, the guarantee given must 
obviously be speculative, as at the time it is given it is imi)ossible to determine wben the 
test may be carried out. 

Steam Pukssure. — In all cases where the steam is to be fully utilised for operating pumping 
or electric genoiating plant, those teiideriiig slioidd be required to guarantee the margin of 
variation in tlio boiler steam pressure 

^ 1800“ Fahr. average and 1400® Fahr. minimuiu are reasonable figures. 

^ 250° Fahr. is sueffested. This ficrnvft i« nfinnllv i t.or 
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himney 120 ft. in height or even more. This is a point which will 
[epend upon the location of the plant and sentiment. 

Dust Retention. — With a well-designed modern plant, having a 
)roperly proportioned combustion chamber and a dust pit under the 
egenerator, no separate dust catcher is necessary. With the aforesaid 
)rovisions the dust is retained at convenient points for easy removal ; 
.nd unless an excessive air pressure is used, the dust does not travel to 
;ny serious extent beyond these points. 

Tests. — The usual short test of eight or twelve hours and sometimes 
ess is of but little service ; under such conditions, when the plant is being 
)perated by skilled and expensive labour, phenomenal results are obtained, 
)ut such results afford no real guide as to the results obtainable under 
lormal working conditions over an extended period. 

The real test of a plant is the actual results shown under normal 
:onditions over a long period, when it is invariably found that the 
average results fall considerably short of the test results. 

When a destructor is erected with a view to effecting a definite 
laving in coal consumption, for instance in conjunction with a sewage 
Dumping plant, the author would recommend that the test should cover 
Jiree months’ normal working. In any case, no test should cover a shorter 
period than tiventy-four hours, and no test should be carried through by 
he skilled firemen of the contractor, but by the staff* of the local authority, 
if ter training by the contractor’s fireman, under the supervision of the 
contractor’s engineer. 

The author has known cases where during a short test the skilled 
ireman sent by the contractor has handled from 30 to 40 cwts. of 
•efuse per hour, whereas, on the following day, and under ordinary 
vorking conditions, two men have failed to do equivalent work. 



CHAPTER IX. 

DESTRUCTOR DESIGN AND OPERATION. 

THE AIR SUPPLY FOR COMBUSTION. 

Onic of tlie most difficult problems presented in destructor design is the 
satis Tactory provision and arrangement of the air supply. For many 
years there was a disposition to treat this problem lightly, and without 
due rcig’ard to the many important points which are involved. 

In the design and arrtingement of the air supply considerable 
cxpcn'ionce in combustion engineering is demanded, and the more closely 
the (cardinal principles governing combustion are adhered to, the more 
('fficituit will be the results obtained. 

Having determined the volume of air which must be provided, the 
iu‘.xt important (luostion is tluxt of areas. Since the introduction of the 
T*t‘g(‘.uerator for air lieating this problem has become more diflScult and 
(hnnauds very careful consideration. 

provision of ample area for the passage of the air supply is of 
tlu^, utmost importance, and much depends thereon. The author recalls 
two rcicent cases which have come under his observation which will serve 
to sliow that at times insufficient attention is devoted to this important 
point. In both cases fan draught is used without regenerators. In one 
case in Uondon the air pressure at the fan outlet averages 3 in. water 
gauges, while in the ashpits the average pressure is 1 in. only. 

At a Continental installation the author found an average pressure 
of 5 in. at the fan outlet and an average of 1 in. only in the ashpits. In 
tliis instance the thickness of the fire varied from 3 ft. to 4 ft., the refuse 
being of an exceedingly poor character, requiring an ashpit pressure of 
from 4 in. to 5 in. at least. Owing to the provision of very small air 
mains of considerable length and very badly arranged, the loss was 
serious- 

Idiere are cases on record where the air supply has been insufficient, 
but such cases are hannilv rare ("in the maioritv of cases nreciselv the 
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opposite conditions obtain) ; not only does an insufSciency in the air 
supply involve inefficient working, but also the liberation of a consider- 
able volume of CO (carbon monoxide), Avhich is a poisonous gas. 

Under satisfactory conditions, with a sufficient volume of air, the CO 
is burned to COg (carbon dioxide). In every well-designed plant this is 
the object; how far it is accomplished depends not entirely upon the 
design of the plant and the arrangement of the air supply, but to a 
considerable extent upon the operation of the plant. 

Having this in mind, it is well worth while to install at destructor 
works the necessary apparatus for ascertaining the composition of the 
gases of combustion. By proper attention to the regulation of the air 
supply and the condition of the fires it is not at all difficult to show a 
percentage of CO 2 in the gases, varying from 12 per cent, to IS per cent., 
according to the working conditions. 

At the present time there are at least two COg recorders on the 
market which are simple, easily understood, do not require skilled 
attention, and are very accurate, while the price is very moderate— -from 
£30 to £40. It is not necessary to use apparatus of this kind con- 
tinuously ; if put into use occasionally it will be found very valuable, 
as affording a check upon the operation of the plant, and will conduce 
to efficiency. 

For the provision of the air supply either a fan or steam-jet blowers 
may be used ; within recent years fan draught has been more extensively 
adopted. In the case of destructors combined with electricity under- 
takings, and in other cases where the power is to be fully utilised, there 
is a disposition to adopt fan draught, because the steam rcijuired to 
drive a fan is less than is utilised with steam-jet blowers — assuming 
the volume of air delivered hy each to be the same. 

While the steam consumption is a point of much importance in a 
combined destructor and electricity works, and although at times the 
choice hinges entirely on this factor, there are other factors which claim 
consideration. 

Steam- Jet Blowers. — Curiously enough, both steam-jet blowers and 
fans were introduced in destructor practice about the same time. Mr 
W. Horsfall was the first to use the former, while the latter was first 
used in 1885 by Mr John Young, then Superintendent of Cleansing to 
the Glasgow Corporation. 

In actual steam consumption it is generally admitted that the fan 
has the advantage. Steam-jet blowers use from 12 per cent, to 14 per 
cent, of the total water evaporated, and these figures refer to blowers of 
the most efficient design. Some blowers of crude design use considerably 
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more than the percentages named and are exceedingly inelBcient. In 
the design of steam-jet blowers the main problem presented is precisely 
the same as in the design and arrangement of the fan and its motive 
power, ie. to deliver a given volume of air with the smallest consumption 
of steam. 

In simplicity, first cost, reliability, and maintenance cost, the steam - 
jet blower has the advantage. Fans are frequently duplicated — a wise 
course to adopt ; steam -jet blowers are never duplicated, this course 
being unnecessary because of their absolute reliability. 

It has been urged that the clinker produced where steam -jet blowers 
are used is inferior and of a more open and friable character than that 
produced in destructors provided with fan draught; this is entirely 
contrary to the author’s experience. 

Some three years since, in a town about twenty miles from London, 
the sewage works were being remodelled, and a very considerable 
([uantity of clinker was required for the construction of filter beds. In 
spite of tlie fact that a modern destructor provided with fan draught 
was in operation in the town in question, the borougli surveyor decided 
that the clinker was unsuitable, and he purchased some thousands of 
tons of clinker from a neighbouring town where a destructor provided 
with steam-jet blower draught was in use. The cost of the clinker was 
2s. 8d. per ton in trucks in the siding at these works, and the total cost 
d/d was about 4s. per ton. 

Referring to Cans and steam-jet blowers, Mr D. M'Coll, the well- 
known Cleansing Superintendent to the Corporation of Glasgow, expressed 
the following opinion : — 

“Both methods were in operation in connection with the Glasgow 
Corporation Cleansing Department, of which he had charge, and his 
exp(U'ioncc was that the steam -jet blower was the better, the results 
being more satisfactory. Ho admitted that the jet used more steam, but 
after all it was but a small proportion of the total generated, and there 
was this advantage, that the breakdown of a jet only affected the grate 
to which it was attached, whereas if the fan got out of order the whole 
installation was affected. . . . He considered the clinker produced in the 
steam-jet blower furnace superior to that from the fan blast furnace, 
and he liad never had the slightest difficulty in finding purchasers 
for it.” 

For many years past the Glasgow Corporation have derived a 
considerable revenue from the sale of clinker ; in all probability, far more 
in this direction has been done in Glasgow than in any other city. Mr 
M'Coll’s opinion is therefore a very valuable one. 
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One point which should not be ovtu-looki^d in cDuiH'fl ion with Nte.nn 
jet blowers is that they are arran^(ul to work ai. iho \\hrr<* tin-s 

are actually required, in the aslipils. Ibuhu* t lu^sr nouditiMU^ l\' 
ample area is allowed through tlu‘ n^jjjtunu’aior and in (hr air (MuitinU 
to the steam-jet blowers, there is no a.j>pi*(‘(*ia,bh‘ loss in ri]ita(‘iicy. 

Steam-jet blowers should always b(‘ (uu'lo.m^d ainJ arrau'^-rii to xwuk 
with a freedom from nois(‘. At tlie pnsscait tinu‘ tli( 0 ‘r is a t«aah‘iie\ to 
use open-type blowers, more pa.rLicularly for stand 1 >y pnrposns. AH 
open steam-jet blowers are e\(*(‘(‘din^‘ly noisy in o{>(‘rat ion. anti arr ^ 
objectionable. Further, the em[)loynundi of blowt'rs of this ( \ jj<‘ in\ oh*'s 
the use of cold air, which is anotlier unsiitisfactory bait u^t^ 

Fans. — Within recent yt‘ars fan (ira.uo-ht Inis btaai (‘N:ttnisi\ rly atiopt rd 
With steam-driven direct-cou])l(‘d fa.ns tin' sitaun ct ^nsunipl i< »n vurit-^^ 
from 5 per cent, to 10 per cent, ol tlu^ tobii (‘vaporaihoi, aff(a*tlin<j^' (•» t In* 
efficiency of the engine. Chmoiailly sjaaiking*. small (*ng’incs ar*‘ nt>t at 
all economical in steam consumjh.ion. Not only does the steaiu eonsumjt 
tioii vary considerably, but the (dlici(‘iu*y oi Fans \'a.!’itas ina(tu‘iall \ , atnl 
the rivalry among fan-makers is vi^ry ktam. 

It is now generally eoncedtal that it is advantageous to impiirt 
moisture to the ail* supply from a Fan, and in .sonu* (*ast‘.s (lu* Fan engim^ 
exhaust is thus utilised. It is now elainnal ilial. luoisture in tlte air 
ineiely facilitates the removal o( the. (‘linker, Soiue years ago, in 
connection with a patent cov(‘ring t-lu'. coinbinat.ion oF an ('xhaiist sliwnu 
nozzle with a centrifugal Fan, it was clainusl that “it alhads a eonsidm* 
able advantage in combustion.” 

The reason why this claim is no longin* juade. is olnjons: those 
inteiested in fan draught hav(* pin*sistei»tly aHH{n’t.(‘d, in (‘oiuieetion wiih 
steam-jet blower draught, tliat the moisture present in tla^ air is of no 
advantage in the combustion pn)(*(‘SH; under tlHss(^ nvcuuiHlnnrrH it is 
obviously futile to claim an advantage for Fan draught with naast nir 

winch they decline to admit witli tlu. skaiin-jc^t blower ilelivcnmii- 
moist air. ' ^ 


Whether the fan in driven by incauM of a dintct-eoupled (ui^xinn 
belt-driven, it requires con,si(lci-al)ly more attention than .steam - 
blower draught, and is not so reJiahle. 


or 


extract from TIu‘ Ch^UraH Jonmof, dalt'd June ±>, 
1910, refers to a combined de,struct()v and oloctfic.iiy works. No lomhI 
purpose can be served by di.sclosing the name of tl.e town ; the autl.or i.s 

merely desirous of .showing tl.at tl.o fan i,s not so relialilo as the Ht<-am • 
jet blower. 


Originally forced draught was provided hy a fan, hut owing to 
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the continual breakdown of the vertical high-speed engine this system 
was abandoned in favour of steam -jet blower draught, which was 
installed last year (1909). The change has been a great success in 
ma>o^y ivayn!' 

In connection with several installations during recent years a separate 
fan has been provided for each cell ; while this tends to improve the 
efficiency and conduces to reliability, it obviously adds materially to the 
capital expenditure. 

Having in mind that so much depends upon the air supply, it is of 
great importance to duplicate the same. In some installations, not only 
is tliG fan draught duplicated, but in addition to this, steam-jet blowers 
are provided. 

Many electrical engineers prefer, and insist upon the installation of, 
motor-driven fans, which undoubtedly possess many advantages. The 
adoption of electrically-driven accessories may, however, be carried too 
far ; the author is connected with a generating station in which consider- 
able economy has been eflected by the general abandonment of motor- 
driven accessories for steam-driven accessories ; the number of station 
units ” used in some works reaches a vei'y high figure. 

The consumption of energy for driving fans varies considerably, and 
may be as low as 2*5 per cent, or as higli as 8*5 per cent. ; it is, however, 
but fair to point out that the latter figure, which was the average for 
one year at the Greenock combined destructor and electricity works, may 
be accounted for by the abnormal air pressure used. 

The Advantages of Heated Air. — The value of hot air is now 
generally recognised, both for the efficient burning of very inferior refuse 
containing an abnormal percentage of moisture, as also for refuse of a 
more carbonaceous character. 

With the use of heated air the excess air supply may be reduced, 
conforming more closely to the theoretical requirements. A cubic foot 
of air at 32° Fahr. is increased in volume for each additional degree 
of temperature Centigrade, or about for each additional degree 
Fahrenheit. Thus by heating the air to 273° Centigrade (or 491° Fahr.) 
it will be doubled in volume, and one cubic foot will then weigh only 
half as much as before. 

With refuse of an inferior character, heavily charged with moisture, 
the use of hot air is of the utmost importance ; in fact, the proper appli- 
cation of hot air makes all the difference between success and failure 
with very low grade refuse, which frequently cannot be burned without 
the use of coal when cold air is employed. 

The capacity of air for absorbing moisture increases very rapidly 
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with the tempei'ature. In his Practical Treatise on Heat, Thomas Box 
states that dry hot air at 300° Fahr. has two hundred times the capacity 
to absorb moisture possessed by air at 60° Fahr. 

The rapid absorption of moisture secures earlier ignition, while the 
recovery of temperature is greatly accelerated. Furthei*, the cell 
temperature is higher and is more easily maintained. As a matter of 
fact, in many instances the temperature has been too high, and the 
present tendency is to restrict the temperature within such limits as will 
tend to prevent the rapid fusion of intercepted dust in the combustion 
chamber. 

Even when the refuse is unusually high in calorific value witli but 
an average percentage of moisture, if the power is to be utilised, the use 
of hot air will materially increase the working efficiency due to the 
intensified combustion. 

Mr W. H. Booth, whose work in combustion engineering is well 
known, thus puts the case for hot air: — 

The gain in economy and efficiency by raising the combustion 
temperature within the furnaces by the use of heated air is great, 
especially if heat otherwise wasted is supplied to heat the incoming air!' 

While Mr Booth was referring to steam boiler furnaces and the 
burning of coal, his opinion equally well applies to tlie burning of refuse. 
While the actual gain in economy must obviously be greater in the 
burning of any kind of coal, yet the peculiar advantages of the regenera- 
tive system in burning refuse are greater because of the presence of 
moisture. 

Systems of Air-heating, Side Air Boxes. — The first system of air 
heating introduced was the side air boxes of Messrs Horsfall, for which 
it was claimed that not only was the air-supply for combustion consider- 
ably heated, but the side walls were preserved. The author has always 
favoured a system which utilises waste heat for air heating rather than 
the use of heat which is required in the cell, but to avoid any suggestion 
of prejudice it is as well to quote the opinion of another.^ Mr J. A. 
Robertson, Chief Engineer of the Greenock combined destructor and 
electricity works, expressed the following opinion : — 

“The author has found in practice that the comparatively small 
heating surface of the boxes and the rate at which the air must travel 
through them does not perm^it of a higher temperature than 180^* Fahr. 
being obtained at the outlet, while a further disadvantage is that the 
amount of heat imparted to the air depends upon the temperature of the 

^ See “Refuse Destructors and Electricity Works,” by Mr J. A. Robertson, paper read 
before the Glasgow Section of the Institution of Electrical Engineers, Feb. 8, 1909. 
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Eurnace, the draught is lowest immediately after charging, i.e. just at 
the time when high temperature is most needed to dry the refuse and 
to commence combustion.” 

The two points referred to by Mr Robertson are the crucial points. 
(1) The area of the heating surface and the rate of the flow of the air, 
and (2) the fact that the air temperature is necessarily at its lowest when 
it should be at its liighest. 

The efficiency of any system of air heating is in the main determined 
by two factors, (1) the temperature of the gases for transmission, and (2) 
the area or surface provided for the transmission of heat ; further, any 
system of air lieating cannot be regarded as a really satisfactory one 
unless it provides for the use of waste heat. 

The Regenerator. — A properly designed regenerator or recuperator 
fulfils these rc([uireinents ; it is placed beyond the boiler, it has ample 
heating surface, and whether it is of the suction or pressure type is 
invariably efficient. The whole volume of gases from one unit passes 
through the regenerator, and a common hot air conduit with branches to 
each ashpit is provided ; it follows, therefore, that hot air is available 
just when it is needed most, i.e. after clinkering and recharging. In 
other words, the temperature of the air supplied to any one grate is not 
determined by the conditions obtaining on the one grate in question. In 
this important respect the regenerative system of air heating essentially 
differs from the side air box system. 

In American practice there is a tendency to place the regenerator in 
the boiler setting of a water-tube boiler, it being arranged in the final 
pass of the gases at the back of the boiler. 

While there is a small gain in actual ground space occupied, on the 
whole this course cannot be recommended. In temperature the gain is 
trifling, and in the burning of garbage or very wet refuse it is found 
that the tube deposit which cakes hard is very serious. Further, the 
position of the regenerator under such conditions renders cleaning 
difficult ; and, owing to the incrustation and restriction of the area, more 
frequent cleaning is necessary, in addition to which this work takes 
much longer to do. 

Utilisation of Heat from Clinker. — In the United States many 
experiments have been made with a view to the utilisation of the heat 
in the clinker for the heating of the air supply, but no data is available, 
and the author has reasons for thinking that the results obtained have 
been disappointing. 

When considering the possibilities of thus heating air, one is bound 
to take into account the fact that the volume of air to be heated is very 
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considerable as compared with the surface or cubic capacity of the clinker 
available. Again, the cooling process is exceedingly rapid. 

In one experiment on a somewhat small scale, air at a temperature of 
84° Fabr. was heated to 423° Fahr. in passing through hot clinker, but 
after five minutes the air temperature dropped to 270° Fahr. The very 
rapid cooling of the clinker, with the simultaneous decrease in air 
temperature, would seem to suggest that but little can be hoped for in 
this direction. 

High-Pressure Air Supply. — In connection with some modern 
mechanically charged destructors working with very thick fires, the air 
pressure required varies from 6 in. to 12 in. of water gauge. Taking 
the German practice of 12 in. as compared with 2 in. — which is common 
practice in England — the power required to deliver an equal volume of 
air will be six times greater. This is a point which is frequently over- 
looked, in addition to which is the dust trouble, and this, despite all that 
may be said to the contrary, is very serious. 

The extraordinary measures adopted by German engineers for the 
interception and removal of dust afford ample proof were it needed. 

The German destructor chimney is a notorious offender in the dis- 
charge of dust, although unusual means are adopted for the interception 
of the same. A further point is that the upkeep and maintenance cost 
with high capacity cells must be, and is, considerably greater than is the 
case with cells of moderate capacity. 

The power required to drive a fan increases as the cube of the 
velocity. Obviously, tlierefore, the speed of a fan should not exceed 
that proper to the desired draught. In other words, it is exceedingly 
uneconomical to use a small fan driven at a high speed in order to obtain 
a large volume of air. The best practice is to employ a fan of ample 
size to give the volume of air required at the minimum pressure. 

Ventilation of Building. — Closely involved with the question of air 
supply is the ventilation of the destructor house. One of the most 
interesting developments in destructor practice during the past few years 
has been the attention devoted to forced ventilation, which has had the 
effect of materially improving the working conditions. 

There is an impression in some quarters that the question of ventila- 
tion has only received consideration since fan draught has been more 
extensively employed ; and further, that a system of positive ventilation 
involves the use of fan draught. 

As a matter of fact, the author was the first to introduce this method 
of continuous ventilation, some nine years since, at the Watford 
destructor and sewage pumping station, and in this instance steam-jet 
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blower drauglit was, and is still, employed. The air for combustion is 
drawn from the top of tlie building through the regenerator inlet, and 
it soon became evident that the atmosphere of the building and the 
working conditions were vastly improved. 

The importance and value of such a provision cannot be exaggerated ; 
not only is the atmosphere changed, but the continuous suction has the 
effect of securing the rapid removal and deposit of dust carried in sus- 
pension. Fumes and dust, two of the most objectionable features of the 
average destructor building, are no longer a source of offence. 

Under ordinary conditions, without provision for positive ventilation 
upon the lines indicated, louvres have been provided in the apex of the 
roof, with the result that gases and dust escape continually ; in fact the 
discharge at this point is often greater and more serious than the dis- 
charge from the chimney. 

For ventilation on the lines herein indicated the roof must be closed, 
air ducts or conduits being arranged from the top of the buildings, 
the clinkering floor, and from any other point which may be desirable, 
communicating directly with the fan inlet where the regenerator is of 
the pressure type, and whei'e the regenerator is of the suction tyj^e, to 
the regenerator inlet. Under these conditions it will be found, with 
open doors in tlie building, that there is a gentle inflow of air, in 
contrast to a belching forth of fumes and dust, an all too familiar 
feature under ordinary conditions. 

THE STEAM BOILER. 

The Position of the Boiler. — The position of the boiler in relation to 
the destructor cells is a factor of considerable importance. The provision 
of a combustion chamber of ample size between the cells and tlie boiler 
should be insisted upon as an absolute necessity, having in mind that 
the primary purpose of the destructor is to destroy refuse with an 
immunity from nuisance. 

Further, tlie provision of a combustion chamber is of importance to 
secure the immediate interception and settlement of a considerable pro- 
portion of the dust, at a point where it can be ({uickly removed, and to 
ensure the minimum deposit of dust on the heating surface of the boiler, 
and in its setting and flues. 

When the combustion chamber is omitted and a boiler set between 
two cells, the gases passing from tlie cells come into direct contact with 
the boiler, which involves immediate cooling. The conditions thus 
presented are precisely opposite to those which obtain when a com- 
bustion chamber is provided, and the author would submit that the 
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conditions are unfavourable from a sanitary point of view, and that the 
first deposit of dust is confined to the heating surfaces of the boiler and 
its setting. 

In the generation of steam the results will be fairly good, due to the 
direct action of flame upon the heating surface. When a combustion 
chamber is provided, very little, if any, flame reaches the boiler, but a 
complete diflusion of the gases is secured at a high temperature, and this 
is the point of vital importance. 

Type of Boiler. — Boilers of four types are being used in connection 
with destructors -water- tube, Lancashire, Cornish, and multitubular or 
fire-tube. 

Cornish Boiler. — In reviewing the relative advantages of each type 
a brief reference to the Cornish boiler will suffice. It has been adopted 
in a number of the smaller combined destructor and sewage works, and 
has invariably given very satisfactory results. In other works, where 
it is not possible to fully utilise the power, the Cornish type has fully 
met all requirements at a low capital expenditure, and with a freedom 
from trouble. 

Multitubnlar Boiler. — The multitubular, or fire-tube, boiler, which 
was the first typ)e of boiler to be used in connection with refuse 
destiuctors, is most unsatisfactory, owing to the very rapid clicking of 
the tubes with dust. In modern destructor practice it is but rarely, if 
ever, adopted, and cannot be recommended. 

Water-Tube Boiler. — During the past few years the water-tube 
boiler has been very extensively adopted ; it possesses peculiar advantages 
for the utilisation of waste gases, in addition to wliich its setting provides 
useful space for the deposit of dust. 

As a quick steaming boiler the water-tube type is favoured for use 
with destructors combined with electricity works. While responding 
quickly to a rising temperature, owing to the limited steam and water 
space, a drop or fluctuation in temperature has an immediate effect upon 
the steam pressure. 

For a varying load the author has frequently recommended the use 
of a steam and water drum, 12 in. greater in diameter than that of the 
standard drum for a boiler of given heating surface, and this has invari- 
ably proved beneficial. 

The water-tube boiler occupies considerably less floor space than the 
Lancashire boiler, and this is often found to be very advantageous. 
Further, it lends itself to alternative coal firing, which is at times 
exceedingly useful if there should be a shortage of refuse. Various 
attempts have been made to increase the duty from a boiler by firing 
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the same both with destructor gases and coal, but the combination is 
not a satisfactory one ; it is impossible to obtain a reasonable eiSciency 
from coal when passing a large volume of destructor gases over the fire. 

Lancashire Boiler. — A considerable number of boilers of this type 
are in use with destructors, both in combined destructor and electricity 
works, and also combined destructor and sewage works. 

The outstanding advantages of the Lancashire boiler are (1) its 
simplicity, (2) its large steam and water capacity. In destructor practice 
both of these points arc important. The large steam and water capacity, 
which are, in effect, thermal storage, are often found of great 
advantage, and, as a general rule, the steam pressure maintained with a 
boiler of this type is much more steady and regular than with the water- 
tube type. 

The Lancashire boiler is not a quick steaming boiler, and does not 
respond as rapidly to a rise in the temperature of the gases as does the 
water-tube boiler : it is mainly for this reason that the Lancashire boiler 
is not now so extensively adopted in combined destructor and electricity 
as was the case a few years since. 

Another objection to this type of boiler is the deposit of dust in the 
flue tubes, and this applies equally to the Cornish type. The author is 
of opinion that this trouble can be greatly minimised if those responsible 
for the design of the destructor provide a door or doors in the wall of 
the combustion chamber directly opposite to the firebrick-lined 
connecting tubes. If this were done it is possible to prevent the 
incrustation of the firebricks, which quickly reduces the exit area from 
the combustion chamber, causing back draught and a stoppage for 
cleaning. 

Much of the trouble with dust deposited in the flue tubes might be 
avoided if the dust in the combustion chamber were raked out on 
alternate days, or even daily. If the combustion chamber door is lifted 
about one foot at a convenient time, the dust can be raked out in five 
minutes. 

In the majority of cases this is not done, with the result that the 
level of the dust in the combustion chamber rises, less dust is intercepted, 
and accordingly more is carried forward into the flue tubes and boiler 
setting. Further, the upper layer of dust in the combustion chamber is 
carried by the current of gases into the flue tubes, while the mass of 
dust in the combustion chamber gradually fuses. 

Under proper conditions, if the suggestions here discussed are 
adopted and the plant is well designed, it is possible to operate a 
destructor with a Lancashire boiler for three months without a stoppage. 
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As a matter of fact, at present, the average installation cannot be 
operated for more than from four to six weeks ; this is not due to the 
type of boiler, but solely to those causes here referred to. 

The Lancashire boiler does not lend itself to separate coal tiring 
. when set for destructor firing ; this is a disadvantage as compared with 
the water-tube boiler, which, as already observed, is well adapted for 
this purpose. 

In all cases where the steam is to be fully utilised for the operation 
of generating plant or pumping plant, it is advisable to arrange for a 
margin of at least 20 lbs. between the boiler pressure and the pressure 
of steam required at the engines; for example, if steam is required at tlie 
engines at a pressure of 160 lbs., the boiler working pressure sliould not 
be less than 180 lbs. to the sq in. 

This margin of pressure and the pi'ovision of the necessary reducing 
valve will be found very serviceable in securing a steady steam pressure 
at the engine, allowing, as it does, for variation in the refuse and an 
occasional lack of attention. 

The provision of a continuous steam-pressure recorder is strongly 
recommended, as tending to keep a very useful check upon the 
operation of the plant, and in enabling responsibility to be definitely 
fixed. 

Feed Water. — With water-tube boilers it is very necessary to 
devote due attention to the feed water. Unless a supply of soft 
water is available the feed water should be analysed and its liard- 
ness determined with a view to the provision of a water softener if 
necessary. 

In many districts the provision of a water softener would avoid Ttiuch 
trouble and labour with Lancashire and Cornish boilers. All feed water 
should be suitably treated before being supplied to the boiler; the 
function of the boiler is to generate steam, and not to soften or purify 
feed water. 

THE CHIMNEY, BYE-PASS FLUES, AND DUST RETENTION. 

Chimney. — With a well-designed modern destructor a high chimney 
is unnecessary. Many of the most successful destructors in the United 
Kingdom are provided with chimneys varying from 45 to 100 ft. in 
height. 

In order to ensure satisfactory working, the flues leading to the 
chimney should be of ample cross-sectional area, and this applies also to 
the chimney itself, the object being to decrease the velocity of the gases 
as much as possible, and so prevent dust being carried in suspension. To 
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this eud it is also desirable that the temperature of the gases at the 
chimney base should be reduced to 250° or 300’ Fahr. 

Bye-pass Flue. — Unless it is absolutely necessary, a bye-pass flue is 
not desirable ; it introduces a complication which might often be avoided 
with advantage ; it involves the use of dampers which are exposed to 
very high temperatures, and which are troublesome and expensive to 
maintain. 

Assuming, however, that the provision of a bye-pass flue is imperative, 
its cross-sectional area must be amply large in order to reduce the 
velocity as much as possible ; further, it is desirable to provide means for 
introducing aij- to dilute and cool the gases. 

Whm\ a bye-pass flue is provided it is advisable to line the chimney 
throughout in -firebrick. The system of lining adopted by the Alphons 
Gustodis Chimney Construction Company is a good one, the lining being 
arranged in sections carried on corbels, which much facilitates i-epairs 
should these become necessary. 

Dust Retention. — The interception of dust is referred to at some 
lengtli in other chapters, and it will suffice to say that much depends 
upon the design of the destructor flues and chimney, as also upon the 

operation oC the plant. _ 

III evi'.ry case where a suitable combustion chamber is provided and 
kept clean the bulk of the dust is intercepted and removed at this point. 
When a suitable dust pit is provided underneath the regenerator the 
dust which has been carried beyond the boiler is deposited here and very 
little reaches the main flue. When a bye-pass flue is arranged from the 
combustion chamber to the main flue at a point near the chimney, if the 
bvo-iiass flue is continually used, not only must it be of large area, but it 
is advisable to provide a simple form of dust catcher of large capacity, 

with easy access thereto. _ 

The bye-pass flue is the most troublesome factor in connection with 

dust and' if this can be dispensed with no difficulty whatever is pre- 
sented with a well-designed plant operated with reasonable care and 

attc^ntion. 


OPFRAI’TON COSTS, LABOUR, AND MAINTENANCE. 

Labour.— fl’he labour cost per ton of refuse destroyed is generality 
understood to include (1) all wages paid for the actual handling of the 
refuse when delivered at the works ; (2) the removal of the clinker from 
the destructor building; and (3) the cost of supervision at the works. 
With ro<mrd to the latter charge, this varies considerably. In connecti n 
with combined destructor and sewage works, for instance, it is usual to 



Table XI. -COMPARATIVE LABOUR COST PER TON OF REFUSE DESTROYED. 


97 Installations. 


1 Top-fed. 

i_ 

I 1. Acton . 

! 2. Accrington . 

3. Aston Manor 

4. Asliton-under- 

I Lyne 

5. Bariow-in-Furness 
' 6. Bath . 

7. Bournemouth 

8. Belfast 

9. Birmingham 
I 10. Bermondsey 

I 11. Birkenhead . 

' 12. Bootle. 

! 13. Bury . 

14. Burton-on-Treiit . 

15. Bristol 

16. Bradford 

I 

17. Canterbury 

18. Colne . 

19. Deiby . 

20. Eastbourne . 


Power used for 


Pence 
per ton. 


Works . . . 10*70 21. 

Electrical purposes 15 80 22. 
Works . . . 12*00 

Electrical purposes 16*50 23. 

24 . 


Do. 

Works . 

Works 

Do. . . . 

Electrical purposes 
Works . 

Do. . 

Sewage pumping . 
"Works . 

Do. . 


11*50 25. 
14*75 26. 
9*80 27. 
9 00 28. 
10*00 29 
13-90 30. 
20*00 31. 
9*00 32. 
8*75 33. 
16*50 34. 
10 00 35. 


Electrical j)urposes 1 1 *75 36 
and woiks 37. 

Electrical purposes 27 00 38. 

Do. 14-00 39 

Works . .10-80 40. 

Sewage pumping . 22*00 


Top-fed, 

Fulham 

Glasgow 

Gloucester . 
Grantham . 
Kensington . 
Leeds . 
Llandudno . 
Northampton 
Plymouth . 
Saltley 
St Helens 
St Pancras . 
Southport 
Stepney 
Stretford 
Torquay 
Warrington . 
West Bridgford 
Wimbledon . 
Wolverhampton 


Power used for Pence 
per ton. 


. Electrical purposes 
. Sewage ])uniping 
and works 
Electrical purposes 
Works . 

Do. . 

. Do. . 

. Electrical purposes 
Do. 

. Work.s . 

Sewage pumping . 

. Electrical purposes 
. Woi-ks . . . 

. Gas works 
. I Electrical purposes 
. Works . 

- Do. . 

. Electrical purposes 
. Sewage pumping 

. Electrical purposes 


17*00 

9*00 

20*00 
16-00 
9*00 
12-00 
15*25 
17*30 
12*13 
9*50 
13*70 
1:3*75 
IS'OO 
16*75 
15*50 
IS 50 
14-00 
12*00 
21*00 
11*00 


Mechanically-fed. 


j Power used for 

I 


Pence 
per ton. 


Mechauicallj.fed 


41. Blaokp°“l . 

42. Brentford . 

43. Brighton 
4L Cambndge . 
45 Greenock 
46. Leeds , 


. I Woiks . . . 13*00 47. Nottingham 

.' Sewage pumping . 21-00 48. Poplar 
Works . . .11*00 49. Shoreditch 

. Sewage pumping . I 1*2 00 50. Wandsworth 
. ; Electrical purposes , 13-25 51. York . 

. i Works . . . I 7*40 


Power used for 

Pen ce 
per ton, 

Electrical purposes 

11 *00 

Do. 

10 69 

Do. 

22-10 

Works . 

12*00 

Electrical purposes 

18*00 


Back-fed. 


Power used for 


Pence 
per ton 


Back. fed. 


Power used for 


Pence 
per ton 


52. Batley 

j 53. Bury St Edmunds 
' 54. Cheltenliani 

55. Clydebank . 

56. Dunoon 

I 57. Falmouth . 

’ 58 Folkestone . 

59. Gosport 

60. Gorton 

61. Lowestoft 
1 62. Luton . 


Electrical purposes 13*54 63. Moss-side . 

Do. 10 00 64. Oldham 

Do. 12*00 65. Padiham 

Works . . .16-00 66, Pontypridd . 

Do. . . . 14*00 67. RadchfFe . 

Electrical purposes 9*00 68. Ramsgate . 

Works . . .14*85 69. Rotherham . 

Sewage pumping . 13*00 70. Stockton . 

Do. . 11 *60 71. Swansea 

13*33 72. West Bromwiih 
j Sewage pumping . 10*00 73 Wood Green 


Works . 

Do. . 

Do. . . 

Electrical purposes 
Sewage pumping . 
Works . 

Electrical purposes 
Do. 

Do. 

Do. 

Works . 


10*50 
9*75 
15*75 
15*00 
10*50 
11-00 
12*43 
12 00 
] 4 *80 
15*00 
16 00 


Front-fed. 

74. Aldershot . 

75. Ayr . 

76. Burnley 

77. Burslem 

78. Cambuslaiig 
79- Cleckheaton 

80. Darwen 

81. Eccles . 

8*2. Elland 

83. Epsom 

84. Exmouth . 


Power used for 


Pence 
per ton 


Front-fed. 


Power used for 


Pence 
per ton. 


Sewage pumping . 9*00 86. Ke^^ermg . 

Electrical purposes 16 00 87. Hey wood 
Do. 13 00 88. Lytham 

Do. 18*00 89. Mexhorough 

Do. 9-50 90. Nelson . 

Do. 12 '00 91. Lancaster . 

„ Do. 14*00 92. Preston 

oewage pumping . 10*64 93. Sheernoss . 

Electrical purposes 12*00 94. Todmorden 
Sewage pumping . 11*00 95. Walthalnsto^^ 
Adjoming brick 11*50 96. Watford 
works 1 97 . WrAvTinTn 


Electrical purposes 

11*00 

Works . 

14-00 

Sewage pumping . 

8*50 

Electrical purposes 

13-00 

Do. 

16-00 

Do. 

14*00 

Do. 

13*00 

Water pumping 

12*00 

Electrical purposes 

7*20 

Sewage pumping . 

12-00 

Do. 

14-00 

T A n 
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divide the cost of supervision between the destructor and the sewage 
pumping station, wliile in other works the total cost of supervision is 
usually cliarged to the destructor. 

It is very difficult to obtain accurate figures of labour cost, 
although it would seem to be perfectly simple to treat the destructor 
as a separate undertaking, and keep a clear record of all income and 
expenditure; unfortunately in many cases this is not done, and it is 
for this reason also that it is so difficult to ascertain the precise cost 
of maintenance. 

While every effort lias been put forth to ensure the accuracy of the 
labour cost figures in the accompanying Table XI., it is necessary to 
observe that in many of tlie smaller installations, where the cost per ton 
destroyed is high, this is entirely due to the fact that the staff employed 
could deal with a greater c][uautity of refuse, and as the (quantity increases, 
so will the cost per ton destroyed decrease. 

Taking the installation in Table XL, the average cost per ton of refuse 
destroyed with each type is as follows : — 

Top-fed, . . 40 installations = 14*1 2 pence per ton. 

Mechanically-fed, 11 „ =13*72 ,, „ „ 

Back-fed,. . 22 „ =12*72 „ „ „ 

Front-fed, . 24 „ =12*54 „ „ „ 

The average labour cost in connection with the 97 installations of four 
types is 13 37 pence per ton of refuse destroyed. 

The advantages of mechanical and top charging from a labour-saving 
point of view liave bccui continually urged, and for the former, in 
particular, extravagant claims have been made It is now generally 
recognised that little, if any, advantage is secured in the labour cost, and 
this is borne out by such data as is available. 

Maintenance. — Such figures as are available all tend to show that 
the cost of maintenance is lowest with destructors of the continuous- 
grate shovel-fed type; further, the most satisfactory records are in 
connection with front-fed destructors. The maintenance cost records in 
connection with 44 installations will be found in Table XII. 

The actual cost of maintenance, while being an important factor, is 
in some cases regarded as of little consequence when compared with the 
disorganisation and inconvenience caused by stoppages, which, in the 
case of a destructor supplying steam, are very serious. In order to ensure 
a low maintenance cost and absolute reliability, simplicity in design is 
essential : to this may be attributed the satisfactory record of the con- 
tinuous grate and shovel feeding. 
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Table XII. -REPAIRS AND MAINTENANCE COSTS. 
44 Installations. 


ton . 
dershot 
r 

tley * 

Ifast . 
idport 
rslem 

mbuslang 
esterfield 
iswick 
ickheaton 

^■debank 

noon 
:les . 
sora . 
rton . 
sport . 
iat Griinsby 

t : 

.wich 

igs Norton 
-ndudno 
fvestoft 
bham 
gh . 
ss Side 
xborougb 
lham 
, (Rhodes Bank) 
liliam 
nbroke (Dublin) 
t-Glasgow 
ston . 
isbury 
Ibury 

ke-on -Trent 
■erness 
Helens 
inton 
tford 

ymouth . 
thington . 
exham 


Type. 


Top-fed 
Front- fed 


Back-fed 

Top-fed 
Back- fed 
Front- fed 


Back-fed 

Front-fed 

Back-fed 

Front- fed 
Back-fed 

n 

Front- fed 


i Back-fed 
Top-fed 
Back-fed 
Fi ont-fed 
Back-fed 

Front-fed 

Back-fed 


Power used for 


Cost per Annuni. 


Works 

First 2 years, 

, £12 10 

0 

Sewage pumping . 

9 9 

7 

9 9 

0 11 

6 

Electrical purposes 

99 

24 

99 

2 16 

0 

9 ) 9 9 

First year, | 

40 14 
66 4 

1^:^1908. 

6 = 11)09. 

Works 




100 0 

0 

99 

First 3 years, 6 15 

2 

Electrical purposes 




14 d. per ton, including 





tools, barrow, etc. 

9 9 9 9 

Sewage pumping . 

9 1 

3 

9 9 

Nil 


99 

6 

9 9 

£5 17 

10 

9 9 9 9 




16 0 

0 

Electrical purposes 

99 

4 

9 9 

3 7 

0 (since, .£12 

Works 




per annum). 




7 0 

0 year ending 





May 15, 1909. 

9 9 




4 16 

10 

Sewage pumping . 

»9 

3 

99 

4 6 

10 

99 )9 

99 

4 

9 9 

1 5 

0 

9 9 9 9 




27 0 

0 

9 9 9 9 


4 

9 } 

10 0 

0 

Works 


3 


25 0 

0 

Electrical purposes 

99 

5 

99 

4 0 

0 

Sewage pumping . 

>9 


9 ) 

Nil 


Electrical purposes 



£25 0 

0 

Works 

99 

3 

9 9 

38 15 

6 

Electrical purposes 




25 0 

0 

Works 

99 

6i 

1 9 

10 0 

0 

Sewage pumping . 

9 9 

4 

9 1 

3 15 

0 

Works 




40 0 

0 

> 9 

Electrical pumping 




25 0 

0 

19 

4 

9 9 

Nil 


Works 




£60 0 

0 


Front-fed 

Back-fed 

Front-fed 


Top-fed 

Back-fed 

Front-fed 


Electrical purposes 
Sewage pumping . 

Electrical purposes 
Water pumi)iug . 
Electrical purposes 
Sewage pumping . 


2 

8 ^ 

3 
2 

4 

84 


lOO 0 
10 0 
20 8 
35 0 
17 16 
10 0 
6 3 
10 0 
10 0 


5d. to 9d. ])or ton 
36 0 0 
8 0 0 
3 3 4 
8 19 4 
21 0 0 


,, Electrical purposes „ 4 

* Including structural and boiler repairs. 

Mr D. M'Coll, Cleanaing Superintendent for the Corporation of 
jgow, comparing top- and front-fed destructors— both types of which 
las in use — expressed the following opinion : 
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“Being just over the grate, the top-feed openings were exposed to 
the full radiated heat, and required frequent renewal, which meant 
practically rebuilding the whole arch, and this ran up the cost of upkeep 
to a very high hgure. In a report which he had submitted recently, he 
recommended the substitution of a front feed, having been satisfied that 
by this method the work could be done in a cleanly manner, the refuse 
by the one operation spread evenly, and the cost of repairs materially 
reduced. There was no doubt that the dumping of large quantities of 
refuse into a furnace retarded combustion and lowered the temperature 
for the time being, and this was avoided by the front-feeding process.” 

In order to show to what extent the guaranteed maintenancie cost varies 
according to the type of destructors, the following figures are of interest. 
In this instance the destructor was required to dispose of 130 tons of 
refuse daily, and those tendering were requested to guarantee the annual 
cost of maintenance for a few years. 

A. Top- fed . . £20 to £25 per annum. 

B Top- fed . £200 per annum after first two years. 

C. Top-fed . . 'id. to Id. per ton for three years. 

D. Mechanica-lly-fed ^d. per ton for furnaces, flues, and dampers, or 

for whole plant 4 per cent, of contract sum 
per annum. 

E. Back-fed . . £75 per annum after first two years. 

F. Top- fed . . £20 to £30 per annum for furnaces. 

While these Hgures are of interest, strictly speaking, they are not fairly 
comparable, owing to the considerable variation in the scope of the 
guarantees. Another point is the cost of each plant, which may in some 
cases liave l)ecn increased with a view to guaranteeing low maintenance 
cost. Witli a well-designed plant, into whicli the best of materials and 
workmanship has been put, it is obvious that, fail- wear and tear excepted, 
much will depend upon the efficiency of the supervision. 

It is necessary to direct attention to this because it is well known 
that the supervision in some works is very lax indeed, simple and in- 
expensive repairs being neglected, until it eventually becomes necessary 
to shut down the plant and spend a considerable sum, much of which 
may be attributed to neglect. 

For thorough cleaning and boiler inspection, it is necessary periodi- 
cally to shut down for at least one week: during this time the whole 
plant and its accessories should be carefully inspected ; any repairs, even 
of a trivial character, should then be done. Under these conditions 
smooth working is ensured, and a stoppage is only likely as the result of 
an accident or some failure which could not be foreseen. 
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CLINKERING. 

The most arduous and disagreeable work in the operation of a 
destructor is the removal of the clinker from the furnace, and then 
from the building. 

Under the most favourable circumstances, the clinkering of 25 square 
feet of grate will occupy at least ten minutes. With modern Iiigh 
temperature destructors, the breaking up of the mass on the grate 
involves a preliminary loss of at least live minutes, and with heavy 
charges much longer; but when broken, the material may be quickly 
removed. 

There is no doubt that in most destructor works the operation of re- 
moving the clinker from the building is rendered far more disagreeable 
than is necessary, owing to prejudice upon the part of the men. 

The usual method is to use a barrow with a single wheel, and this is 
joioshed, with the result that the hot gases and dust are carried over the 
man behind. Almost every effort to introduce a barrow with two 
wheels, which can easily be 'pulled, has failed. Even in works where 
the clinker is removed from the building in skips carried on a mono rail, 
the men will persist in pushing the skip instead of pulling it. 

The mono rail or clinker railway was introduced some years ago, 
with a view to facilitating the removal of the clinker from the building, 
but here again much prejudice has been shown, and in more tlian one 
works the mono rail has been abandoned in favour of barrows. 

A mono-rail installation at Stoke-on-Trent destructor works is 
illustrated in fig. 49. 

One of the difliculties experienced with this method of clinker 
removal is due to the limited space available for tipping the material, 
which must be frequently removed or the use of the mono rail must 
cease until the ground is cleared. 

A tipping car, running on sunk rails, is illustrated in fig. 50. This 
method has been adopted in a few works, but it is open to the same 
objection as the mono rail and skip. 

In Canada and the United States, in connection with some few 
destructor instaUations, a shoot is provided in the clinkering jfloor immedi- 
ately in front of each grate, the shoot communicating directly either with 
trucks placed on the floor beneath, or a clinker cooling chamber. With 
this arrangement the clinker has only to be broken and pulled out of 
the furnace, and to some extent the labour is thus reduced. 

The satisfactory removal of the clinker from the grate automatically 
or by mechanical means is not an easy matter. Many years ago tipping 
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gratea were tried with clinker trucks in the ashpits, but were quickly 
abandoned in favour of fixed grates. Fire-bars having a reciprocating 
movement have been tried ; with low temperature destructors they were 
found to be unsatisfactory, with high temperature destructors they are 
impossible. 

Any method of automatic or meclianical clink ering is unsatisfactory 
which does not provide for tlie rapid ignition of the fresh charge. It is 



Fi(i 41). — Clinkur JMoiio Railway, vSLuko-oii-Tieiit IJoBtruclor Works. 


not a diliicult matte.r to nu^ndy pull out or push out the clinker bodily; 
the troublesome L‘oatur(‘ is that after this operation nothing remains with 
wliich to ignite the frcisli (',harg(‘. Further, tlui luuidling of the clinker 
after removal from th(‘. (‘.<‘11 involves much labour. 

The ignition dilliculty is troublesome to overcome because, unless the 
clinker is thoroughly wcdl Imnied down and consolidated, it cainiot be 
removed in the mass. I f it is nmioved in the mass, then the fresh charge 
cannot be rapidly iguit<id, as m^thing is left on the grate to start the lire. 

In connection witli the clink ering device, tested at New Brighton, 
New York, which is described and illustrated in Chapter XII., see fig. 79, 
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ifc 19 said that the clinker, after removal and deposit in the chaiubei nuclei 
tlie giaie, fiunishes sufficient heat to ignite the new chaige 

This being so, then theie is a giave risk of overlieatmg the giatc 
above, and this is to some extent confiimed by Mi J T Fetheiston, wlio 
expiessecl the opinion that the dumping of an imperfectly conbumed 
chaige might give trouble, and that absolutely trustworthy laboui is of 
vital importance 

The patent tiough and clinkeniig appaiatus, as installed at HeitL’oul 
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At its rear end the draw bar is provided with a rectangular plate 
projecting upwards. When a charge of refuse is burnt out and the door 
at the front — which is the whole width of the furnace — is lifted, the 
draw bar being pulled forward, the mass of clinker is removed, preferably 
directly on to a special form of trolley or truck. Usually the draw bar 
is operated by means of a winch ; for tlie operation of the draw bars 
in a number of grates in one unit, a winch arranged to travel in front of 
the furnaces is employed. 

An alternative arrangement to that in use at Hertford is to provide 
for forcing the clinker forward from the rear of the trough by means of 
a ram or pusher. 

The average weight of refuse destroyed daily at Hertford is from 
7 to 8 tons ; the weight of clinker will therefore be from 35 to 45 cwt. 
daily. 

The actual everyday working results in mechanical clinkering have 
yet to be demonstrated ; whether those difficulties herein referred to can 
be successfully overcome time will sliow. 

The English draw-bar clinker-removal device does not possess the 
disadvantage of being exposed to the mass of hot clinker immediately 
under the grate, inasmuch as the clinker is removed bodily from the 
furnace instead of being dumped below tlie grate. 

At this time it is impossible to say to what extent labour will be 
displaced or the working conditions improved, nor is it possible to 
determine to what extent the working efficiency is affected. 

It is very desirable that the removal of clinker sliould be made as 
easy and expeditious as possible, and any apparatus which will do this, 
while at the sanui time providing for the rapid ignition of the new 
charge, will meet a long-felt want. At the same time it is very im- 
portant that when the mass of clinker is removed from the furnace, 
means shall be provided for its easy handling and removal from the 
building, or the advantage of easy removal from the grate may be 
neutralised by subseciuent delay and labour in getting the mass away 
from the cell and outside the building. 
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THE UTILISATION OF RESIDUALS. 

The utilisation of the principal residual, waste heat, for the generation of 
steam, is fully discussed in its various aspects in other chapters. Tlie 
residuals other than waste heat will to some extent be determined by the 
size and organisation of the destructor works department, and they may 
comprise clinker, ashes, and flue dust only, or, in addition to these, tins, 
scrap iron, paper, and flsh oflal, each of which is in many works dealt 
with separately, and more or less profitably. 

Even in the smallest works the tins are usually roughly sorted from 
the refuse and disposed of ; scrap iron, which frequently includes bed- 
steads, is invariably removed and generally sold. Paper — with the 
exception of some of the larger cities which provide for a separate 
collection to some extent— is burned with the refuse. Fish offal is also 
burned as a general rule, but in some few cases it is converted into 
manure at the destructor works, or similarly disposed of at a local 
manure works. 

The treatment and utilisation of tins, paper, and fish offal will be 
discussed later. The principal residual, and that which demands the 
most serious consideration, is the clinker, because of its relative propor- 
tion to the original. 

In Great Britain the percentage of clinker varies with the season 
from 25 per cent, to 30 per cent., although there are cases on record 
where the lowest percentage has been 22 per cent, and the highest 36 
per cent. 

With destructors of the earlier types the clinker is frequently of a 
very unsatisfactory nature, and too soft to possess any commercial value, 
while in many instances it is not by any means free from organic and 
combustible matter. 

In connection with some modern destructors improperly operated, and 
in some few cases of unsatisfactory design, the clinker is but little better 
than was the case some twenty years since. 
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TluiHc ihre(‘, cAapisos of destructors are to some extent responsible for 
what has been termed ‘'the clinker problem.” Clinker has been put on 
ilie market whicli has failed to satisfy, with the result that many who 
hav('. not been concerned with the cause have condemned the use of 
cl ink (u* for a variety of purposes. 

In order to produce a good clinker, dense, vitreous, and free from 
organic atid combustible matter, certain conditions must obtain; the 
ma.t(M-ial must be exposed to a well-sustained high temperature for a 
snUic’uuit period. The length of time will depend, among other factors, 
ui)on the nature of the refuse, the thickness of the lire, the air supply, 
and the temperature. 

It may be argued that these are not the only factors, and that the 
ti nu^ for clinkering a fire must be determined by the steam requirements. 
If this factor is admitted, then it must necessarily follow that the 
(U’cmation procoRs is a secondary consideration, and that it is subordinate 
to th(‘ gemu-ation of steam. 

Having in mind that the primary purpose of the destructor is to 
thoroughly l)uru the refuse, the generation of steam must necessarily be 
a secondary consideration. The author does not agree with those who 
assiu‘i that a good clinker cannot be produced if due consideration is 
givtm to tlu‘. generation of steam. 

To rcmiovi^, an imperfectly burned material in the form of clinker is 
of no Ixmclit from the point of view of steam generation, because (1) 
ther(‘ is a dedinite loss in fuel and heat units ; (2) the too frequent cleaning 
{)f t])(^ iiutreases the labour; (3) the periodic reduction in tempera- 
tnr(^ inv<>lv(‘s a fluctuating steam pressure ; and (4) the varying tem- 
p(‘ratun^ inc.reases the maintenance cost. 

’'Paking thc^ other extreme, there is no advantage in retaining the 
c.litikm- in tlu‘, cell too long, because when the material is well burned and 
activi^ combustion has ceased the temperature obviously falls; the longer 
the (dink(ir remains, the greater the loss due to an inactive grate. 

Those conditions, which are imperative for the production of a good 
cdiTik<u‘, ar(^ pt^ecisely the same conditions which ensure the highest 
(‘jHci(Uicy in the generation of steam. To argue that this is not so is^ to 
(lisriigard tlui fact that by proceeding upon the same lines when burning 
coal ""would involve a serious waste, a fact which is too obvious to 

n(‘C(‘SBitat(‘. any further discussion. 

(Hvon a good vitreous clinker, what is to be done with it, and what is 
its value ? This will depend to a large extent upon local conditions ; 
among the various purposes for which clinker has been utilised up to the 
nrosent are the following: - 



26 


MOBERN DES-TRirCTOR PRACTICE. 


For land filling, i.e. raising the level of land. 

For road bottoming. 

For the manufacture of mortar with lime. 

For the manufacture of concrete with Portland cement, the concrete 
eing used either in situ, or for paving flags, kerbs, and a variety of other 
urposes, many of which have been demonstrated by the Corporations 
f Glasgow, Liverpool, Bradford, among other municipal authorities. 

For making bricks. 

Finely-crushed clinker is used in place of sand for the cushion bed of 
;reet paving, for grouting, and for '' sanding ” slippery surfaces. It can 
iso be used for plaster work, and for a variety of purposes for wliich 
ind would ordinarily be employed. 

For the construction of bacterial filters and contact beds at sewage 
isposal works. 

For the manufacture of paving blocks with Trinidad rock asphalt. 

While a considerable quantity of clinker has been used for land 
lling, it is but rarely used for this purpose unless it is of poor quality, 
•, owing to peculiar local conditions, difficulties are experienced in 
dierwise profitably disposing of the same. 

With reference to its utilisation for the bottoming or foundation of 
)ads, immense quantities of clinker are now being used for this purpose, 
id in rapidly growing towns the revenue derived from clinker used for 
lis purpose is, and will continue to be, considerable. 

Concerning the manufacture of clinker mortar, which method of 
bilisation has been extensively adopted, although about one hundred 
id fifty mortar mills are in use at destructor works, and in spite of the 
bct that the manufacture of mortar is profitable, to some extent local 
ithorities are liampered by the attitude of the Local Government Board, 
oans for the provision of mortar mills are usually not sanctioned by the 
oard unless a resolution is passed by the local authority to the effect 
lat the mortar made will be used by the local authority, and not sold.^ 

^ Some few local authorities have provided against this difficulty when promoting an 
Dmnibus ” or General Improvements Act. Among such authorities are the Acton and Watfoul 
rban District Councils. The following “ standard” clause is embodied in the Watford Bill of 
'09 ; any local authority promoting an Improvements Bill may secure tlie insertion of the 
xuse without any difficulty. 

Watford Urban District Council Act, 9 Edxvard YII., Sessifui 1909. 

91.— -“The Council may convert any clinkers or other refuse or surplus material or 
oduct arising in connection witli their refuse destructor into slabs of artificial stone, bricks, 
iierete mortar, and other materials, and may construct such buildings and works, and may, in 
nnection therewith, provide and erect such machinery, plant, and ajipliance as may be required, 
id any such slabs, bricks, concrete mortar, or other materials so jiroduced may be utilised by 
e Council for repaving streets, or for any other purposes connected with the work of the 
juncil for which they may be suitable, or may be sold by the Council, who shall carry the 
'occeds arising from any sales thereof to the cred%t of the district fundy 
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Such a resolution obviously tends to restrict the use of clinker for 
the purpose in ([uestion, as but few local authorities can use any con- 
siderable quantity of mortar. In order to overcome this difficulty, in 
towns where a good demand for mortar exists or is likely to exist, the 
authorities purchase and install mortar mills out of revenue, a course 
which, from more tlian one point of view, is the most desirable one to 
adopt. 

Mortar has been made from destructor clinker for nearly twenty 
years past, and it is generall}?- conceded that clinker mortar is a far 
better article than sand mortar. Witli sand practically the sole harden- 
ing effect is brouglit about by the absorption of carbonic acid gas by 
the lime. With clinker, liowcver, this is not the case, as it possesses 
hydraulic properties of its own wliich are sufficient to induce a com- 
bination between its siliceous compound and the lime witli wliich it 
is mixed. 

In order to malce the best mortar, the hardest clinker only should 
be used, but there is no necessity to reject the finer clinker, always 
provided that it is well burned, and that thorough grinding is insisted 
upon. 

The most suitable lime is a fat or pure lime, and there is no ap- 
pr‘eciabli‘. gain in using hydraulic or lias lime if pure lime is obtainable. 
Pure lime will go further, and the clinker will give all the desirable 
hydraulic properties. 

Generally spc'.akiTig, exctdlent mortar can bo made with the following 
proportions, which are expressed in weight, and are based upon dry 
clinker and unslakcd lime; — 

Liuui . 10 parts = per ton of mortar 2T cwt. 

Water . 25 „ = „ „ „ 5-2 „ 

(tln-oc parts taken up by lime) 

Clinker . (>0 parts = per ton of mortar 12-G „ 

Clinker crushing and scrconing plant and mortar mills are too well 
known to call for any description; it will suffice to say that the nature 
of the matiu'ial to b(i treated is such that cheap crushing plant and 
mortar mills are (]uite unsuitable, and will involve a heavy maintenance 
account. 

The crushing plant should be of the best design and of massive 
construction; tlu‘. mortar mill must be of a heavy pattern, with fairly 
heavy rollers. 

The Bradford Corporation have some twelve mortar mills in use, 
and derive a considerable revenue from the sale of mortar. A pair of 
mortar mills at Hammerton Street destructor works, Bradford, are 
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illiLstrated in fig. 51. At Blackpool, during the year 1909, 1710 tons 
of mortar were sold, realising the sum of £356, the cost per ton Cor labour 
and lime being Is O^d. and Is. 3fd. respectively, or 2s. 4d. per ton, and 
so great has been the demand for mortar that an extra mill has been 
installed. 

The utilisation of clinker for the manufacture of mortar is bound to 
increase, although, unfortunately, owing to the fluctuating demand due 



Fig. 51. — Mortar Mills, Hammerton Street Destructor Works, Bradford. 

to the more or less intermittent character of building operations, thc! 
sale is not constant. 

When crushed to a suitable size and mixed with Portland cement 
for making concrete, this may with advantage be used for practically 
any purpose for which concrete is used. 

As long since as 1885, Mr Charles Jones of Ealing recognised the 
utility of clinker for the manufacture of artificial stone, and during that 
year, in the construction of the Ealing Isolation Hospital, the slabs, 
window sills, heads and mullions, as well as the wall copings, were made 
of clinker concrete. 

In Liverpool, Glasgow, Bradford, in fact in all parts of the kingdom, 
considerable quantities of clinker concrete have been used for a variety 
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of purpoHos. lu Bristol, building dressings made by hand in wooden 
inouldH cost 2s. 8d. per cubic foot. 

At Pniliran (Melbourne), during 1910, Mr W. Calder, the city engineer, 
who has shown much enterprise in the utilisation of clinker, erected the 
new Corporation stables in clinker concrete blocks. 

Mr lilrnest Call, the energetic Cleansing Superintendent of the city 
of Bradford, commenting upon the use of clinker in that city, says:— 

lliere are now about fifty houses standing at Little Horton, Bradford, 
built with mortar, lyiixed with the shovel, from our fine clinker and lime ; 
moreover*, the causeways and backyards are paved with our clinker 
flagw, tlu‘. plastin’ on the walls is from our fine screened clinker, the 
dust bins w(',re sui^plied by this department; in fact, with the exception 
of wood, some stone, and labour, we produced the houses from destructor 
bye-products.” 

Clinker Flags. — Not many years since, the idea of utilising clinker 
for the manufacture of paving flags was regarded as visionary, and not 
a little })rqjudice lias been shown by some municipal engineers. Such 
authoriti(\s as Mr Charles Jones of Ealing and Mr H. Percy Boulnois 
have doiH' much to demonstrate the value of clinker for this purpose, 
with tlui r(‘s\ilt tliat some thirty clinker flag plants have been installed 
at th(‘ following destructor works: — Fulham, Chiswick, Manchester, 
Nottingham, Oldham, Adelaide, Coventry, Liverpool (2), Bootle, Black- 
burn, Sh(dfi(‘ld, Birmingliam, Bristol, Bradford, Cheltenham, Southampton, 
Hornsey (2), Baling, Walthamstow, Preston, Birkenhead, Barrow-in- 
Furtu'ss, Woolwich, and Bermondsey, etc. 

At th<‘- Bristol Corporation destructor works, clinker concrete flags 
ares made in a Miisker flag plant at a cost of 2s. 6d. pei yard, which 
sum iiu*lud(‘s e.apital charges, depreciation, and repairs. The daily 
output is abo\it 97 super, yards in 9^ hours. 

following records in connection with these works are of interest:— 

OiK^. ton clinker is required for 16 yards super, of flags. 

One ton of granite chippings will face 60 super, yards. 

For (wery 45 yards super, one ton of cement is used. 

The usual mixture employed is three parts of clinker to one part of 
Portland (*,t‘.nu^nt. ''Phe flags are faced with granite chippings, in the 
proportion of two parts of chippings to one part of Portland cement. 

Fig. 52 is a vi(nv of the flag plant at one of the Birmingham Corpor- 

atioii (ki.structor work.s. . 

At two of the (h.stfuctor works of the Liverpool Corporation no less 

than 5:1, ()84 super, yards of flags were made during the year 1909. 

While tlic utilisation of clinker for this purpose is certain to increase, 
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yet the adoption of flag-making plant must obviously be conflned to the 
larger cities and towns. The smaller municipalities do not favour this 
method of utilisation, as in many cases the clinker can be disposed of 
without any difficulty, while the quantity available does not warrant 
the necessary capital expenditure. 

Clinker Bricks. — It is useless to disguise the fact that clinker brick- 
making up to the present time has failed to make any appreciable head- 



Fig. 52. — Birmingham Coiporation Clinker Paviiig-Flag Plant, 


way in England. When this method of utilisation was introduced some 
few years since it was anticipated that much would be done in the 
larger cities, and that the production of bricks from clinker would otfcr 
a new and profitable means for the utilisation of clinker in considerable 
quantities. 

The principal reasons why it is impossible to record any really 
satisfactory progress in the adoption of clinker brickmaking plant may 
be briefly summarised as follows : — 

(1) Eor some years past, owing to over-production and serious 
competition in tlie ordinary brickmaking industry, prices have been 
very low. 
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(^) Gr6nGi Ally tliGi G is A liGsitAtioii on tliG pArt of IocaI AUtllOl'itiGS 
to GiubArk upon Another competitive business under such conditions, 
even if a Ioau can be obtained for the installation of the necessarv 
plant. 

(3) The difficulty already referred to in obtaining borrowing 
powers (unless the municipality has such powers under a private Act), 
and the restrictions placed upon authorities by the Local Government 
Board. 

Bearing in mind the very serious condition of the brick industry for 
some years past, it is fortunate that municipal authorities have been 
very cautious. Tliat tliero is a good future for the clinker brick is 
practically certain ; but had municipal authorities in any number installed 
brickmakiug plant under such conditions as have obtained during the 
past few years, the results would have been so di.sappointing as to have 
seriously jeojmrdised the future. 

Among the few municipalities in England possessing clinker brick- 
making plant are the Metropolitan Boroughs of Fulham and Woolwich 
(London), and the Corporations of West Hai’tlej)ool and Nelson. 

At Woolwich and West Hartlepool the plant was installed by the 
Queen’s Engiiroering Company of Leeds, while at Nelson the makers 
were Messrs Sutcliffe, Speakmau & Co., Ltd., of Leigh. 

At West Hartlepool, owing to serious dein-ession in the building 
trade, the plant has not been in use for some little time past. This 
plant has a capacity of .5000 bricks daily, and vdien in use about 
3000 bricks are made per day. Si.x per cent, of fresh lime has been 
used, and the co.st per 1000 bricks made has averaged lOs. 6d., the 
selling prices being 19s. per 1000 for Hrsts and IGs. per 1000 for 
seconds. 

Among purposes for whiclr the bricks have been used at West 
Hartlepool are the election of stables, and also extensions to the 
electricity works ; for external work they are not generally recommended, 
but tlicy.are admirably adapted for inside lining. 

Tests conducted by Mes.srs Kirkcaldy show the crushing sti'ain to be 
210 tons per square foot, and the absorption of water about 7 per cent, 
by weight. 

The plant installed at Nelson comprises a ball mill for grinding lime, 
a 9-ft. perforated grinding mill for clinker, a clinker screen, patent 
hydrating mixer and final mixer, brickwork silos, an “ Emperor ” press, 
and a hardening chamber, having a capacity of 7000 bricks. 

The plant is electrically driven ; for grinding, an average of 28 H.P. 
is required, and for the final mixing; and brickmaking, 12 H.P. The 
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quantity of clinker available at Nelson is only sufficient to permit of from 
18,000 to 21,000 bricks being made per week, hence it is not possible to 
run the plant continuously. 

On Friday, Tuesday, and Wednesday the clinker is ground, mixed, 
and deposited in the silos, while the bricks are made on Saturday, 


.Jil 






Fig. 53. — ISTelson Corporation Clinker Bricks. 


onday, and Thursday. The steaming of the bricks is done during; the 
ght, steam being provided from the boiler in connection witK the 
fuse destructor. 

The labour required for making 18 000 bricks is three men, while 
us of lime are used. Fig. 53 illustrates clinker bricks at Nelson ready 
" sale. Tests made with bricks manufactured at Nelson gave the 
lowing results : — 
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Table XIII. 

COMPRESSIVE STRENGTH. 


Stiies.s in Pounds. 


Description. 


Dimensions. 


Base. 


Cracked 

Slightly. 


When 

Cracked 

Gen. 


Crushed. 


Composition brick, grey, 
no recess, made from 


destructor clinker and 

6 per cent, lime . 

Inches. 

2-77, 9*00 by 4 36 

sq. in. 
39*24 

222*000 

259*800 

262 000 

Do 

2*95, 9*02 by 4*40 

39 69 

199*900 

230*800 

248*000 

Do 

2*80, 9*00 by 4-34 

39*06 

154*600 

222*700 

222*700 

Do 

2-63, 9*02 by 4*36 

39 33 

150*900 

206*000 

206*000 

Do. . ... 

2*62, 9*02 by 4*36 

39*33 

134*500 

204*700 

204*700 

Do. ..... 

2-80, 9 00 by 4*36 

39*24 

130*600 

159 000 

159*000 


Mean . 

39*31 

165*417 

213*833 

217*067 


Lbs. per sq. in. . 


4208 

5440 

5522 


Tons per sq. ft. . 


270*6 

349*8 

355 1 


TEST FOR ABSORPTION. 


Description. 

Before 

Immersion. 

After 24 hours’ 
Immersion. 

Difference. 

Absorption. 

Composition brick, grey, 

lbs. 

lbs. 

lbs. 

per cent. 

no recess . . * . 

9*330 

9*679 

*367 

3*931 

Do., . . . . 

8*510 

9*273 

•763 

8 97 [■6*72 

Do,, recessed one side 

8*573 

9*195 

*622 

7*26 j 


COMPARISON OF ANALYSES OF LIME BRICKS AND CEMENT CONCRETE. 


Clinker and Lime Bricks made with about 

Clinker and Cement Concrete made from 

8^ per cent, of Lime. 

per cent. 

1 Cement and 5 Clinker. 

per cent. 

Lime 

. 17*0 

Lime . . . . 

16*8 

Silica 

. 32*5 

Silica . . . 

32*2 

Alumina 

. 14*8 

Alumina 

14*1 

Ferric oxide .... 

. 18*2 

Ferric oxide 

16*8 

Magnesia and alkalies . 

5*5 

Magnesia and alkalies 

6*8 

Water in combination . 

. 12*0 

Water in combination 

14*3 


100*0 


100-0 


The time required from the taking of the raw material to the delivery 
of the finished bricks ready for use is from 30 to 48 hours ; the manu- 
facture of ordinary clay bricks usually takes three weeks. 
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Mr H. Percy Boulnois^ has expressed the opinion that tlio clinker 
brick is “equal to the well-known blue Staffordshire bricks, and that 
such a use for clinker should be encouraged and developed. 

On the Continent, Dr Schultess of Zurich has devoted considerable 
attention to the development of clinker brickinaking plant. In 
Germany, Messrs Herbertz of Cologne are operating a very succChSsiul 
clinker brickmaking plant at Kiel, utilising the clinker from the 
destructor erected by them. 

There are signs that England will be loft behind by some of the 
Continental countries in the successful utilisation of clinker for l)rick- 
inaking unless a more rapid development takes place witliin the next 
few years. 

The use of crushed clinker for bacterial filters or contact beds a,t 
sewage-disposal works has provided an outlet for immense quantities of 
clinker. For some years past, at least one contractor in London lias 
handled upwards of 80,000 tons per annum, while many municipal 
authorities having destructors installed at sewage works have usi^cl 
considerable quantities, and in several instances have sold some thousands 
of tons direct to neighbouring authorities. 

For filter beds the clinker should preferably be reduced to a cubical 
form and all dust should be screened out; it is also desirable that the 
iron and metallic substances should be separated. 

After crushing, the clinker may be passed through a inagnotic 
separator to take out all iron, and then screened to the sizes rec|uired. 

The usual type of magnetic separator consists of a rotating drum 
with electro-magnets set all round the peripheiy. Upon the drum a 
steel belt runs, the clinker falls on to the belt, and is carried forward 
over the drum ; the iron particles attach themselves to tlie drum, and 
travel round to the underside, where the belt, upon leaving tlie pulley, 
detaches the iron, which falls into a .suitable receptacle ; the clinker falls 
directly off the drum into a screen or hopper placed below. 

Some interesting data concerning the utilisation of clinker at sewage- 
disposal works will be found in Tables I. and II.; it is generally 
conceded that good destructor clinker is the best material for bacterial 
filters and contact beds, and by utilising the same many local authorities 
have effected a considerable saving. 

Clinker and Asphalte Paving Blocks. — For some years past experi- 
ments have been proceeding with a view to the utilisation of destructor 
clinker with asphalte for the manufacture of paving blocks. 

1 See paper read by Mr H. Percy Boiilnois, MI.O.E., at Health Congress, Cardiir 
July 1908. ” ’ 
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Tlio experimental work lias been carried out at the Borough of 
Iveusington (London) destructor works, where, after much patient 
application, considerable progress has now been made. 

Having in mind the fact that every satisfactory method of utilising 
clinker must possess an interest for those who are responsible for its 
disposal, a brief description of the plant installed at Kensington will 
doubtless bo of interest. 

The clinker is taken direct from the cells and fed into a powerful 
grinding mill, where it is ground sufficiently to pass a tine screen. The 
screened material is then fed, by means of horizontal pushers, into the 
lower part of a steel elevator, which is encased in steel sheeting, and is 
elevated to tlie fii'st floor of the building, and passed through a shoot 
into a revolving steel dryer, where the screened clinker is subjected to 
an intense heat. Passing from the dryer, it is again elevated to the floor 
above, and is then fed into a measuring hopper having a bottom lever 
discharge. While this part of the process is taking place the ground 
asphaltc is being prepared. The asphalte is hoisted to the top floor of 
tlie building and fed into large melting vats, which are of special 
construction, arranged with heating coils and a superheated steam 
supply for tlic melting of the asphalte and for maintaining the same at 
a liigh temperature. When in a suitable condition a supply of residuum 
oil is introduced. 

From the melting tanks the mixture passes into a conical measuring 
vessel, wlien the desired volume is reached; this vessel is carried by 
means of a mono rail to the mixer, into which the ground clinker and 
asphaltc mixture are simultaneously introduced and tlioroughly mixed. 
'The mixer is of strong construction, being made in steel boiler plate, 
and is provided with pug arms and substantial gearing. 

When thoroughly mixed at an even temperature the material is 
discharged into a steel shoot which communicates with the block press. 

''riie block press is of massive construction and exerts a pressure of 
100 tons upon each block; the press is automatic in action; as one 
hopper is tilled by the men in charge, another comes under the dies of 
the press, and as each block is formed it is pushed forward over a smooth 
iron table and conveyed to the cooling tank. 

For the manufacture of 1000 paving blocks about 3^ tons of clinker 
is used with one ton of asphalte, the weight of the finished blocks being 
about 4 tons; the loss in weight is accounted for by the moisture. The cost 
per 1 000 paving blocks is about £4 for materials and 14s. for labour. 

It is claimed that the blocks are resilient, as noiseless as wood 
uavinff, non-uorous, sanitary, and unaffected by temperature. Upwards 



MODERN DESTRUCTOR PRACTICE. 


136 

of one million of these blocks have been laid in Queen’s Gate, Hyde 
Park, W., Ledbury Eoad, Bayswater, and in Stamford Street, near to the 
Eoyal Albert Hall, Kensington, W. 

With the ever-extending use of destructors, the problem of clinker 
disposal must become increasingly acute. In the larger cities it is found 
necessary not only to install flag and mortar mills, but to carefully 
screen and grade the clinker with a view to meeting every conceivable 
demand. 

In Liverpool during 1909, nearly 50,000 tons of clinker, rough and 
ground, was used in connection with building and other works. 

During 1910, the Cleansing Department of the city of Leeds disposed 
of 10,000 tons of clinker, at prices varying from Is. 3d. to 2s. (id. per ton. 

The enterprise of the Glasgow Corporation is well known to tliose 
interested in clinker disposal. 

The following figures clearly indicate the possible revenue from 
residuals in connection with the cleansing department of a largo city : — 

Table XIV. 

Glasgow Corporation CleansiDg Department. 




Tons Sold. 

Revenue. 



Tons. 

cwts. 

£ 

s. 

d. 


1900-1901 

9,753 

4:1 

in 

1095 

1 

10 


1901-1902 

9,332 

977 

7 

7 


1902-1903 

11,938 

7\ 

1412 

3 

4 

Crushed and 

1903-1904 

15,292 

o“ 

1590 

7 

3 

screened ^ 

clinker 

1904- 1905 

1905- 1906 

14,693 

17,635 

0 

0 

1693 

2176 

4 

15 

8 

8 

1906-1907 

13,975 

10 

1628 

9 

6 


1907-1908 

13,307 

3 

1711 

18 

5 


1908-1909 

13,807 

2 

1779 

7 

10 


1909-1910 

11,768 

13 J. 

1582 

6 

3 

Tins, galvanised \ 







buckets, and light [■ 

1909-1910 



1791 

0 

0 

iron J 






Scrap iron 

1909-1910 



609 

6 

2 

Waste paper 

1909-1910 



866 

6 

11 


Taking the figures for the financial year 1909—1910, the total revenue 
from residuals was £4848, 19s. 4d., made up as follows:— 


and screened clinker 
Tins, light iron, etc. 

Scrap iron 
Waste paper . 


£ s. d. 
1582 6 8 
1791 0 0 
609 6 2 
866 6 11 


4848 19 4 


Total 
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Tins and Scrap Metal.— Tins and scrap metal are, as a general rule, 
unprofitable residuals to the local authority. It is very desirable, and in 
many cases imperative, to get rid of the same as quickly as possible, and 
if the revenue therefrom is sufficient to cover the labour involved in 
sorting, loading, and in some instances cartage, this is all tliat can 
reasonably be expected. 

The method of treating tins in the most up-to-date and scientific 
manner comprises two distinct processes : — 

(1) Cleaning, desoldering, and compressing. 

(2) Detinning. 

The first process, which requires an extensive plant, and involves the 
use of much more labour than the second process, may be seen by those 
who are interested at the London Electron Works, Horseferry Road, 
Limehouse, London, E. The second process, which is of a more or less 
secret nature, is at present confined to the works in the German city 
of Essen. 

At the London works already referred to upwards of 18,000 tons of 
scrap metal from house refuse are treated every year, of whicli about 
15,000 tons comprise old tinned scrap material. Approximately 8000 
tons are collected every year in London and the adjoining districts, the 
remainder being sent from all parts of England. 

The material received may be divided roughly into three classes : — 

(1) Tinned material only. 

(2) Mixed material, comprising tins, galvanised, enamelled, and light 
iron scrap, wire, etc. 

(3) So-called rough material, consisting of galvanised, enamelled, and 
light iron scrap and wire. 

The tinned and mixed scrap (1 and 2) are unloaded immediately upon 
arrival at the works on to a perforated conveyor, which extends from 
the yard into the building, and is about 60 ft. in length. Alongside of 
the conveyor men are stationed, who pick from the conveyor as it travels 
past them everything which does not come under the category of tinned 
scrap ” ; the material which enters the building by means of the conveyor 
is thus practically confined to “ tinned scrap,'’ comparatively free from 
dust and ashes, the latter having dropped through the perforations in 
the conveyor. 

From the conveyor the tins immediately pass into a perforating 
machine, the object of which is to so perforate the tins that in the later 
chemical treatment the liquid used shall be able to freely penetrate 
through them. 

Undernp.fl.th fVlia morkLi-nri iu O T T- 
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to an elevator, which in turn feeds the same into the main cleaning and 
desoldering apparatus. At the inlet end, this apparatus consists of a 
large perforated drum, which revolves in a thin solution of hot caustic 
soda. Here the tins are freed from any foreign substance such as fat, 
paper, dust, food remains, etc. This process occupies nearly one hour, 
after which the tins are automatically delivered into a second and similar 
drum which revolves in an empty tank, and has for its object the drain- 
ing of all superfluous liquid from the tins. Leaving this drum, tlie tins 
pass into another drum, which revolves in clean cold water ; tins process 
occupies but a short time ; the tins then pass into a further drum for 
draining, and through this drum the hot exhaust gases from the desolder- 
ing furnace travel, and quickly dry the tins. 

Being now in a suitable condition for desoldering, the tins pass into 
the final drum in which this process takes place. The desoldering drum 
revolves in an iron casing, heated by means of producer gas to a tempera- 
ture sufficiently high to melt the solder adhering to the tins. At its 
extreme end this drum is open, and the desolder ed tins fall on to a plat- 
form, under which is a hydraulic press. The material, which is now 
perforated, cleaned, and desoldered, is at once pressed into briquettes, 
and is ready for the second or detinning process, which, as already 
mentioned, is carried out at Essen. 

The second process is known as the chlorine process, which requires 
somewhat complex and delicate apparatus, and can only be profitable 
when conducted on a very large scale. At the Essen works upwards of 
80,000 tons of tinned scrap are being treated every year. 

The chlorine process may be briefly described as follows : The 

desoldered briquettes are put into a large iron cylinder, which is hermeti- 
cally sealed, and from which the atmospheric air has been exhausted. 
The cyhnder is then filled with pure chlorine gas, which is forced in 
under pressure, and which penetrates the innermost recesses of the com- 
pressed briquettes. The chlorine gas greedily absorbs every particle of 
tin, and combines with the tin to form the well-known cliloride of tin 

(SnClJ, for which chemical there is a ready market in the silk-dyeinp; 
industry. ^ 

Having been thus treated, the briquettes are absolutely free from tin, 
and now represent pure mild steel, for which there is a good demand by 
all the best steelworks. ^ 

Ifc IS a common fallacy that tins having passed through a tire lose 
their covering of tin, and are in a suitable condition for melting again 
in open-hearth furnaces. ^ 

There are some few local authorities in England who pass their tins 
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through furnaces, then compress the same into briquettes, and put the 
material on the market as detinned acraiy. Innumerable analyses have 
shown that tin is not entirely removed by heating, and much of the so- 
called “ detinned scrap ” is not at all suitable for the manufacture of steel. 

After passing through the rigorous cleaning and desoldering process 
ab’eady described, it is found that the percentage of tin left on the scrap 
invariably exceeds II per cent. 

It will be clear that the processes described are such that it would 
not pay any municipal authority to embark upon, because of the small 
percentage of tliis residual. 

At many destructor works tin baling presses have been installed ; in 
reducing the bulk and facilitating the handling and removal of this 
residual the baling press is very useful, but apparatus of this kind is 
unnecessary, excepting in the larger cities and towns. 

At Blackpool the cost of labour for pressing and loading the baled 
tins into trucks is about 7s. per ton, while 15s. per ton is obtained for 
the tins at the destructor works. During 1909 the revenue from tins 
was £85, the weight of tins sold being 131 tons 9 cwts. The Bradford 
Corporation cleansing department dispose of about 170 tons of tins per 
annum at 15s. per ton. The Torquay Corporation obtain 17s. 6d. per 
ton for tins delivered at Torre station 

Such cases might be multiplied ; tins are no longer a source of 
trouble and expense, the revenue therefrom in every case is sufficient to 
cover all expenses in handling, and in some cases a small profit remains. 

Fish Offal. — In connection with some of the larger destructor works 
in England it has been found profitable to install plant for the conversion 
of fish ofial into manure. 

While such material can be destroyed without any difficulty along 
with the ordinary refuse, as is the daily practice at the majority of 
destructor works, there is a growing tendency in the larger cities and 
towns to arrange for tlie separate delivery of fish ofial at the works in 
galvanised bins, and for its immediate conversion into manure. 

The usual type of fish manure plant consists of an inner and outer 
cylindrical shell, the inner cylinder being fitted with radial arms fixed 
to a central shaft, which may be driven by an electric motor or other- 
wise, as may be most convenient. 

The fish refuse is fed into the inner cylinder and is broken up by the 
revolving arms. The space between the inner and outer cylinder, which 
is usually about 2 in., is supplied with steam at a pressure of about 
100 lbs. to the sq. in., which drives off the moisture, the vapour being 
led away to the main combustion chamber. 
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After being thoroughly broken up and dried the manure is passed 
through a mill and crushed to an even size, about the consistency of oat- 
meal ; it is then put into sacks and is ready for sale. It takes 4 tons 
of crude fish offal to produce 1 ton of manure. The cost of manufacture 
is about £1 per ton, while the market price is about £4 per ton, and tlie 
demand far exceeds the supply. 

At Blackpool the revenue from this source is nearly £500 j^er annum. 
Plant has been installed at Liverpool, Bradford, Chorley, and several 
other cities and towns. At Bradford the demand is very heavy, and 
it is claimed that there would be no difficulty in disposing of ten times 
the present output. 

Paper. — Within the past few years there has been a disposition upon 
the part of the larger municipalities, huch as Liverpool and Glasgow, 
to encourage the separation of paper from the refuse in the business 
quarters of the city, with the result that wastepaper has now become a 
source of revenue. During 1909, in Liverpool, 378 tons of paper were 
sold to papermakers, while during the year 1909-10 the Glasgow Cor- 
poration realised the sum of £866, 6s. lid. from the sale of paper. 



CHAPTER XI. 


FOREIGN AND COLONIAL PRACTICE. 

Those who have closely followed the developments in refuse disposal 
will be aware that considerable progress has been made on the Continent 
during the past few years. 

With the exception of those in Germany, Austria, and Hungary, most 
of the destructors now in operation on the Continent are of British 
design. It would, however, be foolish to disregard the fact that much 
attention has and is being devoted to the combustion of refuse by 
German engineers. 

To what extent this will affect future Continental work remains to 
be seen ; certain it is that in Germany alone sufficient remains to be 
done to provide an immense amount of work for many years to come, 
and the present indications are that the future of refuse disposal in 
( Germany will be in tlie hands of the German destructor makers, and that 
it will be exceedingly difficult, if not absolutely impossible, for the 
British makers to compete, with any hope of success. 

In order to avoid any misconception, it may be observed that competi- 
tion in Germany does not resolve itself into a critical comparison of 
tenders, designs, and guarantees ; there are obviously other factors which 
will weigh heavily. No good purpose can be served by discussing the 
same ; collectively, if not individually, they present insuperable 
difficulties. 

The British makers have already recognised the impossibility of 
competing in Germany. In other Continental countries, where competi- 
tion with the German makers will become more or less acute, those 
factors which in Germany must operate against the “ outsider ” will not 
obtain under such conditions. 

When the determining factors are design, guarantees, reputation, and 
price, the British maker will compete under fair, even if not under favour- 
able, conditions. 
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The work done in Continental countries is set forth in the following 
Table XV. While the tabular statement covers a period of fifteen years, 
most of the works have been erected during the past ten years. 

Table XV. 

France. 


Paris ^ 

Meldrum top-fed. 

St Etienne .... 


Havre 

Heenan back-fed. 

Rouen 

» top- „ 

Elbeuf 

Herbertz „ (German). 

Monaco . . . . 

Horsfall „ 

Toulon 

Destructor and pulveriser (French). 

Marseilles .... 

Nanc}^ 

Heenan. 

Trouville . . . . 

„ back-fed. 

Belgium. 

Brussels (Quai de la Voirie) 

Horsfall top-fed. 

„ St Gilles 

Meldrum „ 

„ Ixelles . 

Heenan „ 

„ Molenbeck St Jean 

Destructor and pulveriser (French). 

Holland. 

Rotterdam .... 

Heenan mechanically- fed. 

JDenmarh. 

Prederiksberg (Coj^enhagen) 

Sterling top-fed. 

Russia. 

St Petersburo- 

o 

Horsfall tub-fed. 

. 

Heenan top- „ 

Czarskoe Selo 

Horsfall „ „ 

Warsaw .... 

„ tub- „ 

Odessa 

„ front-fed. 

Siuitzerland. 

Zurich 

Horsfall tub-fed. 

Germany. 

Hambure: 

o 

Horsfall top-fed. 

Caspersohn s top-fed (German). 
Herbertz 

J) * • • . 

Cologne .... 

Frankfort .... 


Kiel ..... 


Wiesbaden .... 

Dorr 

Beuthen 0. S. . 


Segefeld bei Spandau . 

33 


type, having a destroying capacity of 
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Austria. 

Fiume 

Pukheim (Munich) 

Abazzia 

Lovrana 

Hungary. 

Miscolz 

Italy. 

Bologna 
Genoa . 

Spain. 

Gibraltar 


Herbertz top-fed (German). 




Dorr 


3 } 53 33 

Destructor (German type). 
Meldrum back-fed. 


In a recent lecture delivered before the Hungarian Society of 
Engineers by Herr Etienne de Fodor, general manager of the Buda-Pest 
General Electric Company, he stated that the following results had been 
obtained in evaporative tests with refuse in Continental cities : — 


Pounds of Water per 
Pound of Refuse. 


Barmen 1*30 

Mainz 1*30 

St Petersburg 1*16 

Fiume . " 1*03 

Kiel 1-05 

Frankfort 1*00 

Copenhagen 0*92 

Hanover 0 91 

Amsterdam ....... 0*90 

Christiania 0*89 


With the exception of St Petersburg, these figures would appear to 
be correct. Up to the present time one destructor only is in operation 
in that city, and the evaporative tests in connection therewith showed an 
evaporation per pound of refuse of about *3. Those who have seen the 
refuse of St Petersburg will agree that such a figure, as given by Herr 
Etienne de Fodor, is quite impossible. 

With the exception of Russia, and more particularly Northern Russia, 
all the available data go to show that the results which may be obtained 
in power production in Continental countries will often compare favour- 
ably with the average results obtained in England. 

While this has been established, it is also perfectly clear that the 
British destructor, as designed for use in England, requires modification 
to satisfactorily meet Continental requirements, and those who would be 
in a position to compete on the Continent must closely study the condi- 
tions obtaining in the various Continental countries. 
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It may be observed as a general rule that steam-jet blower draught 
is unsuitable for Continental refuse. Fan draught, with a regenerative 
system of hot air, is absolutely essential. 

FEANCE. 

Paris. — For some years past the bulk of the refuse of the city of 
Paris has been disposed of by companies to whom concessions have been 
granted by the municipality. The disposal works are located in the 
districts of Vitry, Issy les Moulineaux, St Ou4n, and Eomainville. The 
refuse of four arrondissements has been delivered to the works controlled 
by the Society generale des Engrais Organiques, while the refuse collected 
in twelve other arrondissements has been delivered to the three works 
controlled by the Soci4te des Engrais complets. 

The refuse collected in four arrondissements not included in the con- 
cessions above referred to has been either barged or carted out of the 
city and deposited on waste land. 

Some months since the municipality decided to institute changes in 
the present organisation for the disposal of the refuse of some five 
arrondissements. It was decided to adopt the disposal system of the 
Society g4n6rale des Engrais Organiques in connection with the refuse 
of the five arrondissements in question. The disposal system of this 
company is described as a mixed system ” : instead of confining their 
attention solely to the pulverisation of the refuse and tlie production 
of manure, as hitherto, the refuse is sorted with a view to burnincr 

p O 

the combustible portion and pulverising the organic waste, while 
the system also provides for the burning of the whole of the waste 
without preliminary sorting should this for any reason be found 
desirable. 

This, which is now known in France as the “mixed system,” i.e. 
pulverising and cremation, has been adopted in Toulon, Marseilles, 
Molenbeck, St Jean (Bruxelles), and Alexandria. 

In Paris it is proposed to erect a new works for this purpose at 
Ivry, which will take the place of the existing works at Vitry already- 
referred to. It is also proposed to make such changes in the existing 
works at Eomainville as may be necessary in order to adopt the “ mixed 
method ” of disposal. Further, a new destructor works is to be erected 
at Gennevilliers. 

In the future the refuse collected in the 1st, 6th, 7th, 8th, and 16th 
arrondissements will be delivered at the Gennevilliers works, and the 
whole of this will be destroyed. The refuse collected in the 2nd, 9th, 
17th, and 18th arrondissements will be delivered at the St Ou4n works. 
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At the Issy les Moulineaux works the refuse from the 14th and 15th 
arrondissements will be delivered- 

At the St Ouen and Issy les Moulineaux works the mixed system 
will be employed. The refuse collected in the 3rd, 10th, 19th, and 20th 
arrondissements will be delivered to the Remain ville works, while to the 
new Ivry works will be sent the refuse collected in the 4th, 5th, 11th, 
12th, and 13th arrondissements. These works will be controlled by the 
Societe Fermiere de la Voirie de Paris, and the “mixed method” of 
disposal will be adopted. 

In the “ mixed method ” it is recognised that the component parts of 
refuse are such that certain portions have a manurial value, while other 
portions are valuable owing to their calorific value ; and as it is felt that 
nothing should be wasted, the combined system of pulverising and 
cremation has been introduced. 

While the French are un((uestionably a utilitarian people, there are 
other reasons why the “ mixed system ” has been adopted ; these reasons 
it is unnecessary to discuss at length, but they may be briefly stated as 
follows : — 

(1) The increasing difficulty of finding a constant and profitable 
market at all times for the poudro (manure). (2) The difficulty of 
disposing of refuse at such times as the demand for the poudro 
slackens. 

The type of pulveriser used for the treatment of the Paris refuse is 
practically the same as that in use at Southwark, London. The poudro 
produced by the Soci6t4 g4n6rale des Engrais Organiques is said to have 
given the following result when analysed : — 

Nitrogen . . . . • 6 to 10 kilos per ton. 

Phosphoric acid . . . . 6 „ 9 „ „ 

Potassium 4 „ 10 „ „ 

Lime . . . . . . 40 „ 60 „ „ 

Organic matters . . . 300 „ 500 „ „ 

Under the “ mixed process ” it is claimed that the portion extracted 
and remaining to be destroyed will be fully twice as valuable from a 
steam generating point of view than would be the case if the whole of 
the material collected were destroyed without sorting. 

Tests conducted at Vitry by the Association Parisienne de Pro- 
pri^taires des Appareils a Vapeur, before representatives of the Technical 
Service of the Municipality of Paris in February 1909, showed that one 
kilogramme of refuse would evaporate 1*800 kilogi'ammes of water, as 
will be seen from the following Table XVI. : — 
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Tablr XVI. 

Tests at Vitry Works, Paris, with a Semi-tubular Boiler, having 200 square metres of 
Heating Surface, fired with Gases from a Godillot Refuse Furnace. 

Dates of Tests. 3rd Feb. 1909. 4th Feb. 1909. 

Beginning of test . . . • > • 8.55 a.m. 8.50 a.m. 

End of test 4.55 p.m. 5.04 p.m. 

Duration of clinkering (minutes) ... 30 (from 12 to 44 (from 12 to 

^ 12.30). 12.44). 

Duration of test (hours) 7 . 50 . 7.50. 

je refuse (various objects) burned . . . 405 kgs. 394 kgs. 


Ordinary refuse burned - 

Ordinary refuse burned - 

■ 3rd Feb. 

311 buckets of 
.17*40 kgs. each . 

' 4th Feb. 

304 buckets of 

= 5,411-40 kgs. 

6,280-50 kgs. 

47*37 kgs each . 

= 


Total 

5,816-40 kgs. 

5 674 50 kgs. 

Water evaporated 


10 in’. 527. 

10 m’. 560. 

Average steam pressure 


5 -48 kgs. 

6-34 kgs. 

Corresponding temperati 

ire ... . 

161° C. 

166° 0. 

Temperature of feed water 

12° C. 

12° C. 

Evaporation per hour 


1,403-60 kg.s. 

1,406-66 kgs. 

,, ,, surface .... 

7-02 kgs. 

7-03 kgs. 

Steam raised per kg. of refuse .... 

1-81 kgs. 

1 -86 kgs. 

Efficiency in water at 0“ 

and steam at 100° C, . 



p/„606-5 0,305 xT-U 
606*5 0,305 x100“ 


1-83 kgs. 

1-88 kgs, 

Temperature in the Godillot furnace . 

850° 0. 

850° C. 

Temperature of gases after leaving the boiler 

240° 0. 

240° C. 

Pressure in the furnace 

. «... 

2-5 mm. 

2-5 mm. 

{ Moisture 


28-70 pel cent. 


Composition ) Volatile matter .... 

32-60 „ „ 


of refuse J Ashes . 


21-40 „ „ 


( Fixed carbon .... 

17-30 „ „ 



. . . . Xt ,, ,, 

Calorific power (by Mahler bomb) 2*534 cal. 


In connection with the Ivry and Eomainville Works, it is anticipated 
that after supplying all the electrical energy required at these works for 
various purposes, some 1800 units per hour will be available, and that 
this current will be disposed of to the municipality. 

While the “mixed” process may offer some solution of the difficulty, 
there is no doubt, in fact it is admitted, that within recent years it has 
become increasingly difficult to find a market for the manure, and it is 
very significant that even in connection with the works where tlie 
“ mixed system ” has and will be adopted the capacity of the destructors 
installed will be such as to enable the whole of the refuse delivered to be 
destroyed whenever this may be desirable. 

The refuse destructors erected, and now operating, in Paris, are of the 
Meldrum top-fed type, and are located at the disposal works already 
referred to, — St. Ou^n on the north, Remain ville on the east, and Lssy 
les Moulineaux on the south-west of the city. 
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liiaclx installation comprises three 4-grate units, each having 1 00 square 
licet of grate area, and three Babcock & Wilcox boilers, with regenerators 
and byc-pass flue; the chimney at each work is 30 metres in height. 

The total destroying capacity of the three installations is about 650 
tons daily. At the St Ou4n and Remain ville works, the power is utilised 
in the works, while at Issy les Moulineaux the steam is fully utilised in 
connection with H.T. three-phase generating plant. 

Monaco (Fonteville). — Here is a Horsfall top-fed destructor of 4 
cells, erected in 1898. One water tube boiler having 75 square metres of 
heating surface was installed to provide steam for forced draught and 
works purposes. The chimney is 35 metres high and 1 30 metres 
intemial diameter. This was the first destructor erected in France. 
Among recent installations are the following : — 

Havre. — Here a destructor of the Heenan back-fed type has been 
erected, tlie capacity being about 150 tons daily; the power is fully 
utilised for sewage works purposes. 

Rouen. — A Heenan top-fed destructor having a capacity of 150 tons 
daily, has been erected here. 

St. Etienne. — A destructor of the Meldrum top-fed type, comprising 
eight cells, has been decided upon. 

Elbeuf. — A small destructor has been erected here by Messrs 
ITerbertz of Cologne. 

It is interesting to observe that in France, where so much attention 
has been devoted to the conversion of refuse into manure, and with con- 
sidm*able success, the present tendency is to provide refuse destructors. 
To those in England who are inclined to think that the pulverisation of 
refuses will ofter a solution of the disposal problem the experience in 
Franco should apiioal. 

For some few years past the only serious alternative to disposal by 
lias been the conversion of refuse into manure. That this is no 
longei* a serious alternative is demonstrated by the present practice in 
FraTice. As already observed, the decision of the French Refuse Disposal 
Companies to provide destructors is mainly due to the increasing diflS.culty 
in disposing of tlie manure. Those in England who have been disposed 
to regard refuse pulverising as the last word in disposal would do well to 
carefully reconsider the whole question, bearing in mind that what has 
happened in France would be more than likely to happen in England. 

Is it to be supposed that where a powerful and well-organised com- 
pany experience difficulty in disposing of manure, a municipal authority, 
embarking upon a new business, with no selling organisation, is likely 
to succeed 
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BELGIUM. 

The first destructor erected in Belgium was of the Horsfall top-fed 
type, at Brussels (Quai de la Voirie), 1901. To some extent the general 
design of the installation is similar to the Hamburg destructor. The 
twenty-four top-fed cells are arranged in two blocks back to back, the 
refuse is lifted and ti’ansported by means of electric cranes. Four water- 
tube boilers are installed, and the steam is fully utilised for the genera- 
tion of electricity. Forced draught is provided by motor-driven fans. 
The chimney is 45 metres in height, and the internal diameter is 250 
centimetres. Complete plant for cooling, crushing, and screening the 
clinker is provided. 

Table X7IL— TABULATED RESULTS OF OFFICIAL TESTS OF THE “HEENAN” 
PATENT REFUSE DESTRUCTOR FOR THE COMMUNE OF IXELLES 
(BRUSSELS). 



Tests 

7 th-8th Oct. 

Tests 

9th~10th Oct. 

Guarantees 

given. 

Duration of test 

Weight of refuse burnt per hour per 6 cells 
Equivalent rate of burning per 24 hours 
per 12 cells, deduced from above figures 
Weight of water evaporated per kilo of 
refuse burnt 

Miraimum temperature degrees in Centi- 
grade 

Maximum temperature in degrees Centi- 
grade 

Average temperature in degrees Centigrade 

11 h. 6 m. 
35*30 tons 
169*5 tons 

•975 

9 h. 3 m. 30 s. 
36*5 tons 

175 2 tons 

1-245 K° 

115 tons 

•75 IC 

688" C. 

800° C. 

675° C. 

1040° 0. 

1064° C. 


874° C. 

920° C. 



Sample. 

Sample. 



1st. 2nd. 

1st. 2nd. 


Composition of the gases — 

CO2 

0 (free) .... . . 

CO . . 

N, etc., by difference 

per cent, per cent 
8*15 8*10 

10*15 3*90 

0*00 O’OO 

81-70 88 00 

per cent, per cent. 
7*90 8-11 

12*33 10-74 

0-00 0*00 

79*77 81-15 


Weight of clinkers and residues in per- 
centage of the weight of refuse burnt 

38*9 per cent. 

38 per cent. 

1 


Tlie conclusions drawn from these results are, that during these tests the guarantees have 
been considerably exceeded, and that, with regard to the technical part of the plant, definite 
acceptance of the works may be proceeded with 

It is, of course, understood that these severe tests made exceed the nonnal working of the 
plant, and that the commune has not to expect to obtain, regularly, such results as to the 
number of tons of refuse to be burnt ; besides, the contractors, who have had great experience, 
have only guaranteed to burn 115 tons of refuse in 24 hours, a quantity which will be very 
easily destroyed, and even exceeded, as proved by these tests. 

IxELLEs, 14^^ October 1908. 
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During 1907-S cleRtructors were erected at St Gilles and Ixelles, two 
communes on the outskirts of the city of Brussels. At St Gilles the 
destructor is of the Mel drum top-fed typo, consisting of two 3-gi’ate 
destructors, with two water-tube boilers and regenerators. Forced 
draught is provided by means of steam-jet blowers. 

The Ixelles destructor is of the Heeuan back-fed type, aiTanged in 
two units of six grates each, with a water-tube boiler for each unit. Fan- 
forced draiight is xisod in conjunction with regenerators of the usxial type. 

The figures of the official tests (Table XVII.) in connection with this 
installation clearly show that a well-designed British destructor, when 
satisfactorily operated, is capable of giving very good results. Generally 
the Belgian refuse is of low calorific value, and an evaporation of 
approximately 1 kilo of water per kilo of refuse is the best that can 
be obtained, even under favourable conditions. 

SWITZERLAND. 

One destructor only has been erected in Switzerland, for the city of 
Zurich. Originally ol the Horsfall top-fed type, it was completed in 
1903, and fi\'e. years later was converted for tub feeding. Two Babock 
& Wilcox boilers are installed. The chimney is 200 ft. in height, and 
6 ft. G in. internal diameter. The steam is fully utilised for electrical 
purposes. 

HOLLAND. 

In Rotterdam, a mechanically-charged destructor, which will have a 
capacity of 4.50 tons daily, is just now in course of erection by Messrs 
Heenan & Froude, Ltd. The steam will be fully utilised for electrical 
purposes. This is the first destructor installation in Holland. 


DENMARK. 

In this country one destructor only has been erected— ixt Frederiks- 
berg, a suburb of Copenhagen. The destructor, which is of the 
“ Sterling” top-fed type, was erected in 1903, and consists of twelve cells, 
arranged in three units of four cells each, with one Babcock & Wilcox 
boiler to each unit, having aboxit 2500 sep ft. of heating surface. 

Forced draught is provided by means of three direct-coupled motor- 
di'iven fans, working in conjunction with suction regenerators. The 
total capacity of the destructor is from 180 to 200 tons daily; the steam 
is fully utilised for the generation of electric energy for use at the works, 
power and light being supplied to a large hospital adjacent. Steam is 
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also supplied to the hospital for washing, cooking, disinfecting, and 
heating. The steam mains to the twenty-four large hosj^ital blocks liavc 
a total length of about one mile, and are carried in a forro-concreto 
conduit. 

Fig. 54 is a view of the cells at Frederiksberg at tlio clinkering 
floor. 

Exhaustive tests made in connection with this installation have 
shown very good results, notwithstanding the low calorific value of tlu‘ 



Fig. 54.— Frederiksberg (Copenhagen) Destructor, view of colls 


refuse; an average evaporation of | lb. of water per pound of refuse 
destroyed has been obtained over a period of twelve months. 


GERMANY. 

The first recorded experiments in the burning of German refuse in 
destructora were carried out in Berlin in 1895, following investigations 
in England by Messrs Bohn and Grohn on behalf of the municipal 
council of Berlin. The sum of 100,000 marks having been voted foi- 
experimental work with Berlin refuse, three cells of the Warner top-fed 
type were ereeted, as also three cells of the Horsfall back-fed type, the 
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former being provided with fan-forced draught, and the latter with both 
steam -jet blowers and fan draught. 

Owing to the high percentage of fine ash and dust in the refuse, the 
results obtained were not considered entirely satisfactory, and the 
installation was not extended. 

It is but fair to bear in mind that these experiments were made some 
sixteen years since, with furnaces not specially designed for dealing 
with a very low grade of refuse. Further, it may be observed that these 
were tlu'. first Britisli furnaces erected on the Continent. The important 
and very successful installations since in France, Belgium, Switzerland, 



Domiiark, Russia, and many other countries all serve to show that much 
has been learned since the Berlin experiments. 

In 1895, immediately after the experiments in Berlin, a large 
destructor of the Horsfall top-fed type was erected in the city of 
Hamburg, on the Bullerdeich. This installation comprised thirty-six 
cells, with multitubular boilers and fan-forced draught ; the celH were 
back to back. The refuse was delivered to the works in vehicles hayng 
removable box bodies, each box having a capacity of 4 cubic metres. 
The boxes were hoisted and transported by means of electric cranes the 
contents being tipped on to the top of the cells. The clumney is . 

high and 8 ft. internal diameter. The steam is fully utdised with 
engines of a total of 260 H.P. Fig. 55 is a cross-sectional view ot the 

Hamburg destructor. n xi. n 

The installations in Berlin and Hamburg represent all that has bee 

done by the British makers in Germany. During the past ten years 
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there has been a revival of interest in sanitary refuse disposal in German 
cities, and some few engineers have devoted much time and study to the 
problem, but, on the whole, progress has been very slow. 

Perhaps the best known destructor of German make on the market 
at present is the Herbertz. In addition to an exjDerimental plant at 
Cologne, Herbertz destructors have been erected at Kiel and Frankfort, 
in Germany, Pukheim near Munich, Fiume, Abbazia, and Lovrana, 
Austria, and Elbeuf in France. 

The installation at Cologne comprises five separate grates oi* cells, 
with a combustion chamber common to all arranged at the rear; the 
gases passing from the grates traverse the combustion chamber, and then 
pass through two water-tube boilers The grates are small, each having 
an area of about 27 in. sq. only, and consist of perforated plates arranged 
for high-pressure fan draught. 

The five cells or grates all face a common clinkering floor, above 
which is arranged a spacious sheet-iron storage bin, the base of which 
slopes at an angle of about 45° to the top of the cells. The refuse is 
lifted into this bin by means of a vertical conveyor. At the bottom of 
the inclined base of the storage bin, and forming one side of the bin, is a 
wall, and about 3 ft. from this wall, and parallel with it, is another wall. 
Between these two walls steel shoots are arranged, which communicate 
with openings through the top of the cells to the grates beneath. 

A top chargeman on a platform above the combustion chamber 
rakes the refuse down from the bin into the shoots, which are always 
kept filled with refuse. The discharge of the contents of a shoot into a 
cell is effected by means of a sliding door in the shoot, and it is worthy 
of note that this operation is performed from the clinkering floor. The 
top chargeman is warned by means of a signal whenever the contents of 
a shoot are discharged. 

The usual charge at Cologne is about one cubic yard of refuse, this 
being the capacity of the shoot. When this charge is in the cell the 
depth of material on the grate is about 4 ft., and it is found that a 
draught pressure equal to 12 in. of water is required. Each cell has a 
capacity of about 10 tons of refuse per 24 hours ; the combustion 
chamber temperature varies from 1200° to 2000° Fahr. 

The type of charging device is of much interest; it is, of course, 
possible to reduce the capacity of a charge if it is found desirable, and 
the top chargeman is also able to grade the refuse into the shoots to 
some extent. As the actual charging operation and the opening of the 
charging door takes place between two walls, any escape of gases is 
confined to this space. 
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A test over a period of thirty hours at Cologne gave the following 
results : — 

Number of cells in use 3 

Total weight of refuse destroyed . . 26,880 kilos. 

Rate of combustion per hour . . . . 896 „ 

„ „ „ sq. ft. of grate per hour . 40 „ 

Percentage of clinker . . . . . . 46 per cent. 

Evaporation per pound of refuse (actual) . . 1T2 Idlos. 

Combustion chamber temperature . maxitnum 1070" Cent. 
Average temperature of gases at cliimiiey base 300°-410“ „ 

Percentage of CO.^ in gases .... average 15 per cent. 

Tlie Herbertz destructor at Kiel, which lias now been in operation 
since the end of 1906, comprises three separate units, each consisting of 
six cells, with a combustion chamber and water-tube boiler. The grate 
area of each cell is about 3 ft. square. Above each unit is a sjiacious 
storage bin, having a capacity of about 100 cub. yds. The daily rated 
capacity of this installation is 185 tons, and the average quantity 
destroyed is 125 tons. 

The system of refuse collection at Kiel is regarded by many 
authorities as closely approaching the ideal. All refuse is deposited by 
householders in cylindrical galvanised iron bins or cans, which are 
collected on a special two-horse waggon, capable of carrying forty-two 
bins. At the destructor works eight women are employed to cleanse 
and sterilise the empty bins. 

The refuse wagons approach the works by means of an inclined 
roadway, and the bins are all unloaded on a platform at the elevation 
of the top of the storage bins, which are very similar to those at Cologne. 
The to 2 )s of the storage bins are entirely enclosed, and each storage bin 
is fitted with a closed hopper, which is arranged to receive the refuse 
cans and to discharge their contents into the bins below. This arrange- 
ment is clearly shown in the cross-sectional view of the Kiel installation, 
see fig. 56. 

The charging shoots at the base of the storage bins are similar to 
those already described in connection with the Cologne destructor. The 
striking feature of the installation at Kiel is the fact that from the time 
the refuse is placed in the collection bins by the householders until the 
clinker finally emerges from the cells no refuse is exposed to view. 

' After the refuse is discharged into the storage bins twenty-four men 
are required to operate this plant, including two machinists and two 
l^iler attendants. 

/ Much ingenuity has been shown by the Herbertz Company in 
rworking out some of the problems involved in mechanical charging, 
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and no doubt in the near future some further developments will be 
seen on these lines. Considerable attention has also been devoted to 
mechanical clink ering, and at least one installation embodying a 
mechanical clinkering device is now operating. 

For some years past Hen* Caspersohn of Hamburg has been carrying 
out exhaustive experiments with a view to perfecting a system of 
mechanical charging. Herr Caspersohn’s exj)erimental cell, erected at 
Hamburg, may be briefly described as follows : — 

The grate area of the cell is 1 square metre ; between the cell and 
the main flue a large dust catcher is arranged in the form of an inverted 
cone, fitted with a sliding door at the base, and set sufficiently high for 
the passage of a car beneath, for the reception of the intercepted dust. 



Fig 56. — Herbertz Destructor at Kiel. Cross-sectional view. 


The idea is to provide a separate dust catcher for each cell, and this 
is found to be necessary, because the high-pressure forced drauglit 
common to all destructors of German design has the eflect of carrying 
forward an abnormal quantity of dust towards the main flue. 

The arrangement of the dust catcher is shown in fig. 57, and it will 
be observed that it is so designed as to intercept a considerable proportion 
of the heavy dust carried in suspension. 

The furnace walls are arched, and the charging door is arranged 
directly above the grate, this door being equipped with the mechanical 
device for delivering the refuse on to the grate. 

The charging device consists of a long iron drum, sliding inside of a 
shorter concentric drum of considerably larger diameter. These drums 
fit into a conical sheet-steel funnel built into the brickwork at the top 
of the furnace. The two drums and the funnel form two annular. 
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triangular spaces between the vertical sides of the drums and the 
sloping surface of the funnel. 

The upper of these annular spaces opens at the floor level, and the 
fireman rakes or shovels refuse into it from the adjacent storage platform. 
The raising of the larger drum allows the refuse to fall into the lower 
annular space. The outer drum is then replaced, and afterwards the 
contents of the lower space are dropped directly into the cell by raising 
the smaller drum. Under these conditions the operation of charging 
the cell is performed without the possibility of any inrush of cold air, 
while there is no escape of hot gases from the furnace. 

In connection with this experimental cell a large open platform was 
arranged over the furnace, the refuse being stored on this platform, and 
from it raked or shovelled to the charging device. The drums are 
raised and lowered by means of a differential pulley operated by the 
man on the storage platform. 

This charging device possesses the merit of simplicity, and has but 
few moving parts, while with a suitable storage platform it permits of 
the refuse being mixed or graded, in addition to which the capacity of 
the charge may, within certain limits, be varied at will. The usual 
charge is 1 cubic yard, and this, when deposited on the grate, is about 
3 ft. in thickness and fairly level. This charge is burned in about 
half an hour ; it is estimated that the labour required for the operation 
of two cells, is one man on top and one man on the clinkering floor. 

In the lay-out of a number of cells it is proposed to use the main flue 
as a common combustion chamber. It is claimed that the main flue or 
combustion chamber temperature varies from 1650° to 2000° Fahr., the 
minimum temperature after clinkering being 1000° Fahr. The air 
pressure in the ashpit is from 6 in. to 7 in. of water, and a considerable 
quantity of dust, amounting to about 1 cubic yard in eight hours, has 
been carried over into the flue. 

It has been pointed out that the charge of refuse may be varied 
within certain limits. In practice it is found that it is not satisfactory 
to handle smaller charges than 1 cubic yard for any considerable time, 
because the frequent charging thus necessary to keep up the capacity 
of the plant tends to make the charging operation burdensome. It 
may therefore be taken that the charge of 1 cubic yard, the depth 
of refuse on the grate, the high-pressure draught, and the carrying 
over of dust, as well as the periodic lowering of the temperature 
immediately after charging, are inevitable. It is, however, but fair 
to point out that the temperature trouble would only be acute in the 
smaller installations. 



MODERN DESTRUCTOR PRACTICE. 


^56 

The general arrangement of the experimental cell, showing the 
charging device and dust catcher, is illustrated in fig. 57. 

Another form of charging device has been introduced by Stadtbau- 
inspektor B. Berlit of Wiesbaden, in connection with the refuse 
destructor in that city. Here tlie destructor consists of six cells arrangtHl 
in pairs, the total capacity being 100 tons daily. Above the cells a plat- 
form has been arranged, which is divided horizontally by a wall. The 
cart bodies containing the refuse are hoisted by means of a crane, and tlie 
contents are discharged on one side of tiie dividing wall. On tlie 
opposite side of the wall are the charging holes communicating witli the 
grates. For each two charging holes a hinged slioot or tube is provided, 
which is so arranged that it may be swung over either of the two 
charging holes. This shoot leads through the dividing wall into the 



Fig. 57. — Experimental Cell at Hamburg. 


refuse storage-room, at a height of about 7 ft. above the floor, the shoot 
being hinged a few feet out from the wall. Immediately underneath 
the shoot is a pit, arranged in the floor of the storage-room, in which is 
set a cylindrical charging can. The men in the storage-room rake tlic 
refuse, which is loosely heaped on the floor, into this can, which is then 
raised by means of a pulley and guides, the contents being discharged 
through the shoot into the cell. 

The charging cans have a capacity of about 1 cubic yard, and the 
storage of the refuse, although somewhat objectionable, possesses the 
same advantage as at Hamburg, inasmuch as it is possible to mix or 
grade the contents into a charging can to suit the fire. 

It wiU be observed that this charging device, in common with Herr 
Caspersohn’s, does not do away with the necessity for a crane ; the refuse 
must be lifted to the storage floor, while the open storage possesses 
all the disadvantage of the most unsatisfactory shovel-fed destructor 

At Wiesbaden each cell is charged about every forty minutes with 
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about 1 cubic yat'd of refuse. Forced draught is provided by means of 
motor-driven fans, a separate motor and fan being provided for each 
cell ; the fan motors are equipped with a controlling device for regulating 
the speed — and accordingly the air pressure, to suit the condition of 
the lire. 

Figs. 58 and 59 illustrate the installation at Wiesbaden prior to the 
modifications by Herr Berlit. The destructor, it will be observed, is of 
typical German design, and has been termed a ‘‘pit furnace.” It is 
known as Mtillverbrennungsofen system Dorr. Similar destructors have 
been erected at Beuthen O.S., Miscolz in Ungarn, Segefeld bei Spandau, 
and at Bologna, Italy. In connection with the Dorr destructors of recent 
design, a dust catcher has been introduced, somewhat similar in design 
to that already described in connection with Herr Caspersohn’s experi- 
mental installation at Hamburg. 


The following results were obtained with Berlin refuse burned in a Dorr Destructor 

Table XYIII. 

A. — Refuse collected in Rixdorf, Berlin, passed over a screen having a mesh of 3 ra/m. 


No. 2 

No. 1. (with 5 per cent. 

of added fuel). 


Date of test 

Refuse destroyed per coll per 24 hours, kilos 
Average main Hue temperature 
Porcoiitage of COo in gases, average 
Percentage of 00.^ in gases, highest 


Feb. 28, 1910 
18,000 

650°-750“ Cent 
13*15 per cent. 
17*5 per cent. 


March 1, 1910 
15,000-16.000 
840°-960° Cent. 
17 per cent. 


B.— R( 3 fuse collected in Steglitz, Berlin, coiiUining 52 per cent, of Brown coal (Lignite) 
briquette ash. 

Rel’uso passed over a screen having a mesh of 3 ni/m for No, 1 test only. 

I No. 1. No. 2. 


Dale of test 

Refuses destroyed ])er coll per 24 hours, kilos . 
Average main Hue temperature 
Percentage of CO .2 in gases .... 


March 2, 1910 
16,000-16,000 
650"-720‘’ Cent. 
10-13 x^er cent. 


March 2, 1910 
11,000 

350‘’-400” Cent. 
5-6 per cent. 


Tlio offect of till! higli iiorcentago of Brown coal ash is very apparent iii the hgnres of the 
sooond tost, which seem to indicate that it is exceedingly difficult to satisfactonly deal with 
tho roihse unscreened, unless the design of the destructor is modified. 


In spite of all the attention which has been given by the German 
makers to the development of mechanical charging devices, there is no 
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Fiq. 5S.— Dorr Destructor, Wiesbaden. Plan. 
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evidence that any striking progress has been made in comparison with 
the best British practice. The following figures are of interest as 
showing the variation in the weight of refuse handled per man per hour 
at Hamburg, Kiel, and Wiesbaden. 


Number of Men 
per Shift. 


Tons 

Destroyed Daily. 


Tons per 
Man, Hour. 


Hamburg . 
Kiid . 

W lesbadeii 


2 

60 

1 25 

8 

125 

•65 

5 

no 

■90 


I 


While it is evident that in actual labour cost the Hamburg installation 
possesses a distinct advantage over the installations at Kiel and Wies- 
baden, it is of vital importance to remember that the weight of refuse 



Kifi. 59. — Dorr Destructor, Wiesbaden. Cross-sectional view tbroiigli cell 


handled per man per hour, and accordingly the labour cost per ton o£ 
roOuse destroyed, while being a very serious factor, is one which must 
be disregarded unless it can be shown that the cremation process is 
perfectly satisfactory. That there are serious objections to the typical 
German designs from a combustion point of view is beyond all question. 
Thick fires on such a limited grate area with very heavy air pressures 
do not present ideal conditions for combustion, while the dust trouble 
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is notorious; and in spite of the fact that German cii^-ineers luive luul 
the advantage of twenty years of recorded experience in (Jn^at Britain, 
they seem to ignore those points which long practical experi(nu*(‘. 
proved to be of fundamental importance. 

In British practice, the properly designed and ai'ranged conibustion 
chamber has given results which were never obtain(‘.d in tlioH(‘ da.y.s 
when the main flue was supposed to be the combutttion cluimlxn*; a.iul 
if a combustion chamber is of vital importance with iht^ Jh’iiiisli 
of destructor, which cannot be disputed, then its omission undc^.r siu'h 
combustion conditions as obtain when burning refuse in a destructor of 
German design is a fatal blunder. 

That the dust trouble with destructors of German design is \'(^i‘y 
serious is proved by the abnormal measures adopted for the int<u*(x^])ti<)n 
of the dust herein described. That these measures do not (uitirely 
overcome the trouble is evident. An ashpit pressure of from 7 in. to 
12 in. of water will, under certain conditions, carry a considm-ahlt^ 
distance; and any serious resistance offered in the form of a dust (vitc-bcn* 
can only have the effect of aggravating the dust trouble l)(‘y<)jid tlii‘ 
point of interception, inasmuch as throttling at the dust catchoi* involves 
the provision of additional chimney capacity, and sucli dust as is not 
trapped at the dust catcher is the more likely to bo emitted from tlui 
chimney. 

It is claimed that in the working out of the German d(isignH a greater 
scientiflc application has been brought to bear upon the various probk^ms 
involved; this the author does not admit. The real value of saimtitla 

application and applied theory must be determined by tlieir successFuI 
reproduction in practice. 

In comparison with the best British practice, German practice is 
shown to be inefficient while developing accessories lor tlu! nHluc.tion 




by kw. hours : 130,781 kw. hours used at works ; 49.696 kw. Iumms 

woA?S?ki®S ip.888 kw. hours „so,l ,a. 

and 125,514 kw. hours for wivate liSt wati.i' ; 

utilised for heating, cooking^ washing disfiifppHnff gfiHU'aiod in 

adjacent to ihe works.) ^ etc., in the largo Muniuipal iloHjiital 

kw. hours for TOnkfpanighW^ woika ; 984 , :n 6 

Barmen (Gennan).^ir4ot^o6 kw hou^s 30^' noTt 
for municipal purposes. -ms. 300,000 kw. hours used at woiks ; tlio lialaiu*!* 

Briiun (Genuau) — 809,062 kw hours • iss Riri Um i . 

municipal purposes. • ma . 138, 61» kw. hoiu's used at works , tho hnlaiice for 
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of labour, insufficient attention has been devoted to the primary essentials. 
In the practical application of the principles of combustion, the German 
types, as at present designed, cannot be regarded as satisfactory. 

RUSSIA. 

In all probability, the refuse of cities and towns in Northern Russia 
is among the most difficult to burn of any European refuse. Only those 
who have seen something of the refuse of St Petersburg, as collected 
during the winter, can appreciate the problem which it presents to the 
combustion engineer. 

The irregularity of the collection, long exposure to the weather, and 
the presence of snow and ice during the winter months, make the 
problem of burning an exceedingly difficult one. 

The author has seen refuse delivered at the destructor at the Narva 
boundary in St Petersburg during the month of December which, owing 
to prolonged exposure and decomposition, can only be described as a 
foul-smelling, black slime, probably containing nearly 80 per cent, of 
moisture. 

While in England and many other countries the winter refuse is of 
much better quality than the summer refuse, in Northern Russia the 
conditions are reversed, the summer refuse being much superior to that 
collected in the winter. 

The first destructor erected in Russia was at Czarskoe Selo, some 
20 miles from St Petersburg, where H.M. the Czar occasionally resides. 
This installation, which is of the Horsfall top-fed type, was erected in 
1906, and consists of two cells, arranged back to back, with two 
boilers of the Lancashire type. Forced draught is provided by a motor- 
driven fan. 

When the author inspected this installation in December 1909 an 
average of 2500 poods, say 41 tons, of refuse were being destroyed 
daily, the refuse then being dry and apparently of much higher calorific 
value than the St Petersburg refuse, which may to some extent be 
accounted for by the well-organised and regular collection of refuse. 

The building is well designed, lofty, and spacious, and the works 
generally would appear to have been designed and carried out regardless 
of expense. 

Table XIX. is an analysis of the refuse of Czarskoe Selo, and as 
the components are given in considerable detail the table is of much 
interest. 
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Table XIX. 



Remains of vegetables and animals, 
i. e. various refuse from kitchens, 
vegetable remains : — fruit, meat, 
bread, dough, flour, various 
leaves, etc. 

Grass and tree leaves 

Bits of trees, matches, boxes, chips, 
bark, cork, twigs. 

Remains of cliarcoal (mostly wood 
charcoal) 

Remains of leather, rubber (straps, 
boots, etc ) 

Various rags, of various 

fabrics, rags u\ u!- •.'»«. .j-. felt, 
old clothes, etc. 

Bast, string, remains of mat bags, 
mops, etc. 

Straw and hay packing, sweejiiugs, 
etc. 

Various paper, cigarette ends, pack- 
ing paper, -wiiting paper 

Horse dung (mostly sweepings from 
yards and streets) 

Bones, from fish, meat, etc. . 

Egg-shells 

Glass, stone, remains of broken 
dishes, tiles, etc. 

Metals, iron, lead, tins, etc. . 

Siftings— flne rubbish sieved, com- 
posed of fine sand ; ash splinters, 
and fragments of the ingredients 
of refuse 

Refuse not sieved, sand, clay, saw- 
dust, and fragments of above. 


Fresh Refuse (inclufling Moisture). | Dru'd JlHuse.* 


Autumn. 

Spring an<l 
Slimmer, 

Average. 

A VC! 

rage. 





d 

g 

bo a 

d n-j g 

d 

§ 

Si 

d 

From 

to 

From 

To 


*2 d 2 
Ph rt d 


7: d d 

d S 



1 


d 

r/,’ » 

cn 


rZ 

12*49 

448*05 

1 

11*44 

165*00 

150*43 

121 39 

24*63 

27‘li7 

3*36 

625*09 

1 


130*10 


99*32 


6*24 

147-29 

5*57 

237*08 

37*50 

79*81 

(>•2*91 1 

SI *91 

0 66 

56*28 

1*32 

36*72 

9*87 

5*74 

10*72 

5*40 

0*39 

12*95 

0*79 

38*00 

0*79 

6*04 

1*03 

5*72 

2*55 

42*00 

1*36 

114*13 

1*46 

15*66 

19*59 

10*84 

0-56 

105*88 

1*42 

145*37 

12*50 

30*81 

12*83 

37 58 

0*16 

160*76 

0*22 

293*63 

26*40 

107*55 

1()*.58 

n(i*i8 

11*26 

87*75 

2*39 

241*61 

37*50 

55*38 

51*85 

55*34 

23*07 

640*60 

34 55 

356*96 

178*63 

61*13 

200*48 

•15*18 

2*45 

30*09 

0*9 

89*24 

10*67 

14*25 

18*69 

15*08 

0 37 

10*73 

1*42 

14*42 j 

4*33, 

2*66 

7-40 

3*32 

2*3 

174*8 

2*76 

214*43 

40*92 

59*75 

78*97 

82*32 

0*25 

30*01 

0*91 

76*44 

5*(59 

15-78 

11*07 

21*74 

54*88 

527*51 

100*19 

737*89 

142*65 

233*31 

227*18 

300*()() 

21*11 

532*39 

28*44 

559*08 

210*50 

185*21 

102*45 

182*49 


Total . 1000*00 lOOO'OO 1000-00 lOOO-OO 

I 


The refuse was dried at a continual temperatuie of from 100-110“ Cent, to the usual weight. 


RESUME 


Season. 

Water. 

Combustible 

Parts. 

Non-Combustible 

Parts. 

Partially 

Combustible Jhirts. 

Total. 

Autumn fresh 

Spring and Summer fresh . 
On an average 

48*6*2 

27*41 

38*01 

23*86 

28*68 

26*27 

4*92 

7*55 

6*24 

22 60 

36 36 

29*48 

100*00 
100 00 
100*00 


The moisture varies from 10-i 


^ to oov per cent. The spec 

iroin 0-54 to 0*71, an average of 0*625. 


W ' ' ' 
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Following the erection of the plant at Czarskoe Selo in 1906 the 
(Narva) destructor, St Petersburg, was erected. Tliis plant consists of 
eight cells of the Horsfall tub-fed type, with one water-tube boiler. 
Forced draught is suj)plied by means of motor-driven fans. Tlie cells 
are not provided with drying hearths, and the winter refuse is un- 
doubtedly of such a difficult nature, and contains so much moisture, that 
the charges, which average about 3600 pounds, are much too heavy. The 
average evaporative value of the refuse may be taken as not more than 
•4 pounds of water per pound of refuse, but this figure might be improved 
upon if the collection were regular, and the material burned under 
rational conditions. A test of the Horsfall plant in the month of May 
gave the following result : — 

Duration of test 24 hours. 

Total weight of refuse destroyed in eight cells 157 tons. 

„ water evaporated ..... 96,000 pounds. 

Average main flue temperature . . . 870° Cent. 


Cell No. 


Consumption. 


Tem])eraturL'. 

Blast Pressure. 

1. 

1123 poods* 

= 17'8 tons 

790“ Cent. 

72 mm. 

2. 

1388 

jj 

= 22-4 

33 

820° „ 

40-5 „ 

3. 

1410 

5J 

= 22-8 

33 

1012° „ 

40-6 „ 

4. 

1205 

3J 

= 19-4 

33 

967° „ 

46 

5. 

948 

33 

= 15-3 

33 

924° „ 

37 

6. 

1173 

33 

= 19 

33 

998° „ 

50 „ 

7. 

1136 

33 

= ]8-3 

33 

1010° „ 

44 

8. 

1146 

33 

* 1 })OOCl 

= 18-5 „ 

= 36'2 pounds 

970° „ 

61 ’8 poods = 1 ton. 
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At the present time a second destructor is being erected by Messrs 
Heenan & Froude, Ltd., whicli will have a capacity of about 150 tons 
daily ; but having in mind that about 700 tons of refuse daily have to be 
disposed of in St Petersburg, further installations will be required. 

For a long time past the bulk of the refuse, in addition to a consider- 
able quantity of faecal matter, has been tipped outside the city at 
Gluchouzerskaya, and this tip, if not already closed, cannot be used 
much longer 

In 1908 a cell Horsfall tub-fed destructor was erected at Warsaw. 

The only other destructors of British design operating in Russia are 
at Odessa, where three small Horsfall front-fed destructors, each having 
15 sq. ft. of grate area, have been erected. 

Fig. 60 is a view of the cells from the clinkering floor of the Narva 
(St Petersburg) destructor, while fig. 61 is a view of one of the two 
destructor cells at Ozarskoe Selo. 
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AUSTRALASIA. 


Having in mind the comparatively small population of Australia and 
New Zealand, much progress has been made in the final and sanitary 
disposal of refuse, as will be seen from the following list of destructor 


installations : — 

Adelaide, South Australia. 
Leichardt, New South Wales. 
Lithgow, New Soutli Wales. 
Balmain, New South Wales. 
Melbourne, Victoria. 

Perth, Western Australia. 


Prahran, Victoria. 

Sydney, New South Wales. 
Toowoomba, Queensland. 
Auckland, New Zealand. 
Christchurch, New Zealand. 
Wellington, New Zealand. 


The earliest installations in Australasia date back to 1891, when a 
small plant of local design known as the Cracknell destructor was 
erected in Melbourne. In the following year a similar plant was 
erected at Fitzroj^ (Melbourne), followed by a 12 -cell Fryer top-fed 
destructor at South Melbourne, and a 6-cell destructor of the same make 
and type at Wellington, New Zealand. At North Sydney, in 1892, a 
small destructor of local design known as the Pinhoe was tried, since 
which time every installation in the Antipodes has been of English make. 


Table XX.— ANALYSES Ob^ REFUSE OF MELBOURNE, PRAHRAN, AND FOUR 
OTHER ADJACENT TOWNSHIPS, COMPARED WITPI THE REFUSE OF 
NORTH SYDNEY. 


I 



Screenings, sand, or line dust 
Vegetable matter 
Clinker, stones, etc. . 

Paper .... 

Straw or fibre 

I Broken glass and bottles , 

I Old tins 

Crockery .... 
Bones 

Rags . . . . 

Iron ..... 
Cinders, cuke 

W'ood .... 

Old boots .... 
Other metal 
Asbes and fine dust . 


<u 





T3 


a 

3 

0 

3 

s 

ca 

Fh 

0 

i 

0 

a 

0 

a 

rC 

0 

North 

ydney. 

'o 

1.— < 




■■o 

0 

fS 


per 

per 

per- 

per- 

per- 

per- 

per 

cent. 

cent. 

cent 

cent. 

cent. 

cent. 

cent. 

42*81 

26*23 




... 

4016 

13 - 2 S 

16*34 

56*7 

54*5 

I’g'oo 

7-0 

26 98 

1*32 




... 


1*48 

7*36 

6*52 

3*65 

4-6 

5-0 


6*0 

1-63 




2-0 



1*44 

1*97 

’•91 

2*0 

6 0 

1 ” 

\%1 

1*11 

1*70 

4 32 

2-6 

7*0 

3*0 

2*0 

*56 






... 

1*03 

1 23 

’’•82 

1*0 

’l *0 


1-20 

1*68 

2-23 

1*63 

2*4 

7*0 

* 3*0 

1*82 

*33 

•11 

•016 




•36 

26*65 

43*08 





19*54 

•90 

*‘•60 




... 



•09 

3 ’ i *92 

33 ’ 

s’s-oo 

86*0 



100*00 100*00 100*00 100-00 100*00 100*00 100*00 
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Table XX., p. 165, shows the composition of refuse in Melbourne, 
Prahran, and four other adjoining townships, compared with the refuse 
of North Sydney. While to some extent the composition of the 
refuse has changed since these analyses were made, from the com- 
bustion point of view the character of the refuse has not materially 
improved. 

One point of considerable interest in connection with the various 
destructors erected in Australia during the past few years has been the 
outstanding superiority and successful operation of destructors of the 
shovel-fed type; the first of which, a front-fed destructor of the 
Meldrum type, was erected at Annandale and Leichardt, N.S.W., in 
1902. The results obtained here, satisfactory as they are, have 
been improved upon at Prahran, Adelaide, and Wellington, N.Z. In 
Sydney, where two top-fed destructors had been erected, so con- 
vinced were the authorities as to the advantages of shovel-feeding 
with Australian refuse that two years since, when inviting tenders 
for a destructor to deal with 100 tons of refuse daily, a shovel-fed 
type of destructor was specified. A similar course was also adopted 
by the city of Adelaide. 

Table XXL— BRITISH DESTRUCTORS IN AUSTRALASIA. 



Maker. 

Type. 

Number 
of Cells. 

Boilers. 

Power 
used for 

Adelaide S. A. 

Leichardt, N.S.W. 

Heenan 

Back-fed 

6 

2 Babcock 

Works and 
electrical 
purposes. 

Meldrum 

Front-fed 

2 

1 Cornish 

Lithgow, ,, 



2 



Melbourne, Vie, 

Perth, W.A . 

Horsfall 

Tub- \\ 

6 

3 Babcock 

Electrical 

purposes. 


Back- ,, 

3 

1 

Balmain, N.S.W. . 

. Local 

Top- „ 

2 

V 1 3, 

Electrical 

purposes. 

Prahran, Yic. 

Meldrum 

Front- „ 

5 

2 3, 


Sydney, N.S.W. . 

1 Warner 

Top- „ 

6 

1 niultitubular 


j } j » 

. 2 own design 


8 



3 ) 3 3 

3 Hughes & 

Front- ”, 

8 

2 Babcock 


Toowoomba, Q. 

Stirling 
Beaman & 

Top- „ 

2 

1 .3 



Deas 




Auckland, N.Z. 

Christchurch, N.Z. 

Meldrum 


3 

1 ,3 

Electrical 

purposes. 

. Beaman & 


4 

2 „ 

Deas 





Wellington . 

Heenan 

Back- ,, 

9 

3 „ 

Sewage works. 


Some details of the British destructors now operating in Australasia 
are given in Table XXI. Having in mind that the earlier installations 
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liav^e received much publicity, it is proposed to briefly describe the later 
and more important installations only. The latest installation, which is 
now rapidly approaching completion, is at Sydney, where Messrs Hughes 
& Stirling are erecting an improved “ Sterling ” front-fed destructor, 
having a capacity of 100 tons daily, 

The destructor comprises two units of 4 grates each, with special offal 
hearths and carcase cremation chambers complete, with lifting tackle. 
In connection with each unit is a Babcock & Wilcox boiler, a regenerator 
and fan-forced draught, with complete arrangements for positive ventila- 
tion of the buildings. 

The Adelaide destructor, erected by Messrs Heenan & Fronde, Ltd., 
in 1910, is of the back-fed type, and consists of two 3-grate units with 
combustion chambers, Babcock & Wilcox boilers, regenerators, and 
motor-driven forced-draught fans. For the treatment and utilisation of 
the clinker a crushing and screening plant has been installed, as also a 
complete clinker flag-making plant; while for the compression of the 
tins — of which an abnormal quantity are always found in colonial refuse 
— a tin baling press has been installed. 

For the utilisation of the steam, a Beilis & Morcom engine 
of 180 ILP. direct-coupled to a 120-kw. generator has been pro- 
vided. At present the current is used for the motor-driven fans, 
the clinker, crushing, screening, and flag-making plant, and the tin 
baling press. While steam is supplied for a Washington Lyon dis- 
infector, surplus current is sold to the Electric Lighting and Traction 
Company. 

The destructor works are located on corporation property in Halifax 
and Gilles Street, the main building or destructor house being a recon- 
structed factory building which was originally five stories in height. 
Instead of providing an inclined approach roadway, which was difficult 
if not impracticable in connection with this site, the refuse is delivered 
at ground-level, the vehicles discharging the same into skips arranged in 
pits. The skips are raised and transported by means of an electric crane, 
and the contents are discharged into the storage hoppers or bunkers 
opposite to the back charging doors. 

The destructor at Melbourne, erected in 1909, is of the Horsfall tub-fed 
type, and consists of six cells, and three water-tube boilers arranged in 
three units. The destructor works adjoin the electricity works at the 
corner of Spencer and Lonsdale Streets : the main bay of the destructor 
building is 134 ft. long x 37 ft. wide x 45 ft. high, the boiler-house being 
84 ft. long X 20 ft. wide x 23 ft. high ; the estimated cost of the buildings 
was £6350. 
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The schedule of cost of the destructor and accessories was as 
follows : — 


£ s. d. 


Six destructor cells with forced draught 

apparatus and firing tools . . . 6,685 0 0 

Three boilers with fittings and accessories, 

superheaters and brickwork settings . 3,630 0 0 

Flues, with dampers, cleaning doors and 

beast cremator ..... 1,804 0 0 

Centrifugal dust catcher, ironwork only . 107 0 0 

Feedpumps, tanks, injectors, and pipework 881 0 0 

Six fans and motors 507 0 0 


One Green's economiser, 128 pipes, with 
scraper gear and motor . . . . 706 0 0 

One clinker elevator, crusher, motor, etc., 
and screen 734 0 0 


One three-motor overhead travelling crane 507 0 0 
Fifty refuse containers, pit and hopper . 1,398 0 0 

One exhaust feed-water heater . . . 220 0 0 


One CO 2 apparatus 5 0 0 

Clinker railway 386 0 0 


17,570 0 0 


The steam is to be fully utilised in the adjoining electricity works. 

One of the most successful British destructors in the Antipodes is 
that of Prahran (Melbourne), which has been in operation since November 
1907, and is of the Meldrum front-fed type, consisting of one 3-grate 
unit and one 2-grate unit, each unit having a combustion chamber, offal 
hearth, regenerator, Babcock & Wilcox boiler, and steam-jet blower 
forced draught. 

Having demonstrated as the result of exhaustive tests that a con- 
siderable quantity of steam could be produced, it was decided to install 
generating plant with a view to selling the current for traction purposes ; 
the results obtained have been exceedingly satisfactory. 

The generating plant comprises a high-speed compound Allen engine 
of 185 H.P., coupled direct to a generator of the Synchronous inductive 
type, capable when fully loaded of giving an output of 125 kw. per 
hour. Current is generated at 400 to 440 volts, and passes from a 
switchboard direct to the mains of the Melbourne Electric Supply 
Company, the output being recorded on a Ferranti Watt meter. 

During the year 1910^ the weight of refuse destroyed was 7692 tons, 
while the number of Board of Trade units generated and sold was 

^ Eor the year 1911 the electrical output was 430,000 units, and the revenue therefrom £800. 
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343,010, or an average of 44*6 units per ton of refuse destroyed, 
exclusive of power used at the works. The revenue from the current 
sold was £698. 




With the addition of superheaters to the boilers, there will doubtless 
be an increased efficiency, although even now the results obtained are 
the best recorded in connection with any combined destructor and 
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electricity undertaking in the Colonies, and in advance of those obtained 
at most works of similar size in Great Britain, 

During the year 1910, 1004 tons of clinker were crushed and graded, 
434 tons being sold to builders and others, realising £112, the balance 
being used by the Council for a variety of purposes. 

Having in mind the quality of the refuse, a very good clinker is 
produced : the following analysis of the same, made by Mr F. Dunn, is 
of interest for comparison with the appended analysis of Bradford 
(England) destructor clinker, by Mr F. W. Eichardson, the city Analyst. 


Table XXIL— PRAHEAN CLINKER. 


Silica (SiO) .... 


Per cent. 
58*11 

Alumina (AiO) .... 


15*80 

Oxide of iron calculated as (FeO) 


7-07 

Lime (CaO) .... 


10-07 

Magnesia (MgO) 


1*93 

Soda (NaO) .... 


2’50 

Sulpliur . ... 


2-18 

Potash (KO) 


1*38 

Carbon and undetermined . 


0-96 

* Containing some pliosplioric acid. 

100*00 

BRADFORD CLINKER. 



Fine 

Medium. 


Per cent. 

Per cent. 

Siliceous matter .... 

61-08 

67*10 

Iron and alumina oxides 

21*50 

19*30 

Carbonate of lime 

7*80 

6* 

Magnesia 

Traces 

Organic and volatile matters 

4*12 

1*80 

Moisture 

5*50 

6-80 


Much of the success of the Prahran undertaking is due to the 
thoroughness and well-directed energy of Mr W. Calder, the city 
Engineer of Prahran, whose aim lias been not only to secure final and 
sanitary disposal without nuisance, but to make the undertaking self- 
supporting. 

Plans and sections of the installation are shown in fig. 62, while 
fig. 63 illustrates the steam pressure charts taken during one week's 
ordinary work. 

Fig. 64 is an external view of the Prahran destructor works. 
Fig. 65 illustrates the charging floor of the destructor, while fig. 66 
is a view of one of the refuse collection vehicles designed by 
Mr Calder. 
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The following record for the month of August 1910, after the 
installation of superheaters in connection with the boilers, shows an 
average electrical output per ton of refuse destroyed of 52-6 Board of 
Trade units, and an average output per hour of 116*6 units. 


Table XXIII. 


Date 
Aug. ’10. 

Weight of Refuse 
Burned. 

Time. 

Units 

Sold. 

Units per 
Hour. 

Units per 
Ton. 



T. 

C. 

Q. 

L. 

H. M. 




M. 

1 

37 

5 

2 


11 45 

1,190 

101*25 

31*89 

T. 

2 

36 

1 

1 


14 30 

1,510 

104*13 

41-88 

w. 

3 

25 

7 

1 


14 10 

1,590 

112*28 

62 59 

T. 

4 

26 

15 


21 

13 25 

1,560 

116*25 

68-31 

F. 

5 

24 

8 



13 15 

1,500 

880 

113*20 

61-47 

S. 

6 

16 , 

5 

... 


7 55 

111*25 

54*15 

M. 

8 

38 1 


3 


12 40 

1,440 

1,620 

113*74 

37*84 

T. 

9 

28 

ii 

... 


14 20 

113*04 

56*73 

W. 

10 

25 

6 

1 


13 45 

1,680 

114*90 

62*45 

T, 

11 

24 

6 



12 20 

1,420 

115*16 

68*55 

F, 

12 

24 

3 



12 

1,360 

113*33 

56*31 

S. 

13 

16 

9 

3 


7 50 

860 

109 83 

62*12 

M. 

15 

35 

8 

1 


13 5 

1,380 

105*50 

38*98 

T. 

16 

31 

1 



14 10 

1,590 

112*28 

51*20 

W. 

17 

25 

3 

, 2 


14 20 

1,630 

113*74 

64*68 

T. 

18 

24 

11 

1 


12 15 

1,330 

108*56 

54*17 

F. 

19 

23 


i 


10 50 

1,160 

107*10 

50*43 

S. 

20 

16 

... 

i ^ 


7 30 

850 

113*33 

52*95 

M. 

22 

35 

13 



12 40 

1 1,300 

102*68 

36*46 

T. 

23 

28 

17 

2 ’ 


14 16 1 

I 1,590 

111*57 

65*01 

W. 

24 

25 


2 


12 40 

1,400 

110*58 

55*77 

T. 

25 

23 

4 

1 2 


11 

1,180 

107*27 

50*75 

F. 

26 

23 

7 

! 2 


10 30 

1,080 

102*85 

46*15 

S. 

27 

23 

2 



9 40 

800 

82*81 

34*63 

M. 

29 

33 

3 

1 2 


12 35 

1,250 

99*36 

37*65 

T. 

30 

27 

2 

3 


18 20 

1,550 

116*27 

57*09 

W. j 

31 

31 

3 



12 30 

1,380 

110*40 

44*31 

Totals 

728 

! IS 

2 

21 

329 15 

35,980 

108 98 
(Avg.) 

49*36 

(Avg.) 

Units of electricity generated and sold through meter 
,, ,, ,, used on works . 


35,980 

2,406 


38,386 

Average 52*6 units per ton of refuse destroyed. Average 11 6 ‘6 units per hour. 


The destructor at Christchurch, N.Z., illustrated in figs. 67 and 68, 
was the first destructor to be combined with an electricity undertaking 
outside of Great Britain, and has been in operation since 1902. 

This destructor, which is of the Beaman & Deas top-fed type, was 
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erected by Messrs Meldvum Bros., and comprises four cells and two 
Babcock & Wilco.K boilers. The results obtained have been very satis- 
factory, the revenue both for liglit and power has increased rapidly, and 



Fig. 64. — Praliran (Melbourne) Destructor Works. View of chimuey and buildings. 


the results generally have had the effect of stimulating much interest 
in combined undertakings. Fig. 69 illustrates the introduction of the 
carcase of a horse into the combustion chamber of the Beaman & Deas 
destructor at Toowoomba, Queensland. This destructor was erected for 







As already observed in connection with the large destructor now 
approaching completion at Sydney, special lifting and transporting 
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tackle is provided, so that a lar^e carcase may be dropped into the 
combustion chamber from above. A similar provision was made in 
connection witli tlie destructor at Preston, which is illustrated in 
tigs. 27 and 28, and such an arrangement is not only preferable but 
very desirable wherever any number of large carcases may have to be 
disposed of. 

While it will be evident that most of the important cities of 
Austx'alasia have already adopted refuse destructors, there is no doubt 
that within the next few years many of the smaller towns which are 
rapidly growing will decide upon final and sanitary disposal. 

EGYPT. 

At Cairo a Horsfall top-fed destructor of four cells was erected in 
1903. At Alexandria, it has recently been decided to experiment with 
a combined destructor and refuse pulveriser works of French design. 

AFRICA-SOUTH AND EAST. 

Since 1900 tlie following municipalities have adopted British 
destructors : — 

Bloemfontein. East London. 

Durban. J ohannesburg. 

Kalk Bay (Muizenberg). Mombasa. 

Lorenzo Marques. Zanzibar. 

Pretoria. 

The destructors at Bloemfontein and Durban are of the Horsfall 
back-fed type, three and four cells respectively, and were both erected 
in 1904 ; the former installation being arranged to work in conjunction 
with the sewage works. In fig. 70 will be found a plan and sections of 
the Bloemfontein destructor. 

At East London the destructor is of the Warner top-fed type and 
consists of four cells : this plant was erected in 1900. 

The largest and most important destructors in South Africa are those 
at Johannesburg of the Mcldrum top-fed type, of which there are two 
installations. No. 1 Burghersdorp destructor is illustrated in fig. 71, 
and originally comprised one four-grate top-fed destructor, with central 
combustion chamber, Babcock & Wilcox boiler and regenerator, together 
with a solder-recovery furnace, which is also shown in fig. 71. This 
installation, together with an exactly similar one, known as the Natal 
Spruit destructor, were erected during 1904-5, each being provided with 
a steel chimney 75 ft. in height, and having an internal diameter of 6 ft., 
lined throughout in firebrick. 


12 
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Fig, 70. —Horsfall’s Back- Fed Destructor at Bloemfontein. Plan and sections. 
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In 1906 it was decided to duplicate the Burghersdorp destructor 
with a view to increasing the destroying capacity, and since this time 
about 180 tons daily have been destroyed at the two works. 

At the Burghersdorp works, electric generating plant was installed 
to fully utilise the available steam, the energy being used for traction 
purposes, and this auxiliary supply has been found to be very satis- 
factory. While Stourbridge firebricks exclusively were used when the 
destructors were erected, it has been found that the Transvaal local fire- 


q 

c 



Fig. 71.— Meldruni’s Top-Fed Desti’ucfcor at Joliannesburg (Burghersdorp). Pai-t 
elevation and pait section of one unit. 


bricks are of very good quality and stand well ; they have been used for 
all repairs. 

At Kalk Bay (Muizenberg) a two-grate Meldrum front-fed destructor, 
with Babcock & Wilcox boiler and regenerator, was erected in 1906 in 
conjunction with a sewage pumping station. 

The destructor at Lorenzo Marques is of the Horsfall back-fed type, 
2 cells, and was erected in 1904. 

The Pretoria destructor was erected in 1907, and is of the Meldrum 
top-fed type, in design and general arrangement being similar to those 
erected in Johannesburg. 

The installations at Zanzibar and Mombasa, erected in 1909 and 1906 
respectively, are of the Horsfall type, the former being a 2-cell back-fed 
plant, and the latter a single cell of the front-fed type. 
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THE FAR EAST. 

Comparatively speaking, little has yet been done in Oriental 
countries in final and sanitary refuse disposal. The destructors in 
India are but few, while in China and Japan no progress has yet 
been made. 

The very extensive use of refuse for manurial purposes both in 
China and Japan, and the facilities offered for thus disposing of 
garbage, frequently at a considerable distance from inhabited areas, 
tends to make the problem of disposal far less acute than is generally 
supposed. 

It is scarcely necessary to observe that the refuse of the Orient is of 
very low calorific value. In the following Table XXIV. the component 
parts of Shanghai refuse are compared with the average refuse of 
London. 

table XXIV.— table EROM report of the SHANGHAI MUNICIPAL COUNCIL FOR YEAR 
ENDING DECEMBER 31, 1899 (Mr Chaiiles Maynb, Engineer and Surveyor). 

Percentages * by Weight of the Component Parts of Shanghai Garbage for each Month of the Year, 
together with the Component Parts of Average London Garbage. 


i 


’ Shanghai Garbage. §3 § So 

mponentPaits , — — , - 

I S; e is 


cks and broken 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

^ c ea 

oof tiles . 

3 497 

2*590 

1 92S 

2 CS4 

1*961 

2*702 

2*260 

1*703 

2 680 

2 860 

1*481 

1 491 


dels and ashes 

27 388 

31 257 

30’530 

27-544 

17 167 

21*697 

12*841 

12 224 

11*303 

10 213 

9*972 

8*330 

69 69 

e dust 

;e table, animal, 
nd various or* 

45 285 

40 791 

42*409 

40 798 

37 204 

43 789 

47-630 

35*688 

31*790 

34 611 

36*050 

32*785 

19 61 

anic matter . 

13-776 

14-7r)(l 

14 ’304 

17*551 

34*121 

18 092 

23*785 

37 745 

45 926 

44*006 

45 652 

60 09S 

4-61 

stepaper 
aw and fibrous 

■546 

*664 

385 

*419 

•435 

•569 

329 

*220 

•198 

•242 

*182 

•212 

4*28 

laterial . 

8*102 

8 694 

9 251 

9-6C7 

8-094 

11-822 

11*973 

9 380 

7*283 

7*100 

6*749 

5*916 

3 22 

ties unbroken . 













96 

1 and coke 



. 










84 

s . . . 

538 

■433 

•292 1 

■257 

*269 

■*282 

■227 

•*216 

1 122 

*238 

*179 

•223 

•79 

ckery 

•386 

! *455 

■494 1 

•373 

*277 

369 

282 

*245 

' 181 

*263 

*215 

•276 

•65 

les . 

•058 

•O'! 6 

•047 

■069 

■OSS 

•088 

*062 

063 

*048 

•065 

063 

*066 

*48 

ken glass 

■078 

086 

■079 

■082 

'074 

■103 

•1*22 

•115 

*076 

096 

088 

■069 

•47 

^s . . . 

■182 

■141 

•122 

172 

•101 

222 

■?27 

■182 

•169 

*178 

179 

•196 

•39 

0 

•0()2 

■063 

0.51 

•058 

-052 

•083 

•076 

*089 

*052 

058 

•076 

■070 

*21 

od . . . 

152 

121 

•108 

■146 

•128 

•182 

-1S6 

•230 

•174 

•190 

*224 

•263 



100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 


Includes cabbage leaves, rinds of water melon and pumpkin, khobar, feathers, dead cats and dogs, putrid 
meat, old shoes, fish and fowl entrails, fish heads and bones, refuse from the manufacture of beancakes 
and Chinese sauce (soy), etc 

* The above figures were arrived at by taking a sample cartload of garbage at random every day throughout 
the year, and the figures tabulated are a fair average. 


In the tropical countries the refuse is exceedingly low in calorific 
value, and in the rainy season the percentage of moisture is very heavy 
indeed. 
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Under .such conditions the problem of dispOvsal by fire without 
the use of any supplementary fuel is a very difficult one. The de- 
structor, as ordinarily designed, for dealing with the average British 
refuse, is not ”at all likely to satisfactorily dispose of wet tropical 
refuse. 

Needless to add, the drying hearth, which is now but rarely used in 
England, is of vital importance in tropical countries, but the provision 
of a drying hearth without some further effective means of rapidly 
drying the charge of refuse will not solve the difficulty. The author is 
of opinion that some means for directing an ample volume either of 
heated air or hot gases upon or through the material on the drying 
hearth offers the best solution of the difiiculty ; further, small charges of 
refuse must be insisted upon, even although it involves practically 
continuous charging. 


STRAITS SETTLEMENTS. 


Penang.— (Municipality of Georgetown.)— The destructor here is 
of the Heenan top-fed type, and consists of 4 cells, a combustion 
chamber, water-tube boiler and regenerator. Including the building, 
approach road and chimney, the total cost of the installation was 
£7427, 14s. lid. 

The guaranteed destroying capacity of the plant was from 40 to 50 
tons of average Penang refuse per 24 hours, without the use of any 
supplementary fuel. 

The following figures are extracted from a report, and serve to 
illustrate the severe conditions under which destructors are operated in 
tropical countries during tlic wet season : — 


' „ , . I Raiulall registeied for 

Date. Loads burned. Hours worked. 2^ Hours ending 9 a in. 


August 14, 1910 

M 15, , j 

,, 16 , „ 

,, 17 , „ 

s, 16, ,, 


88 

20 

124 

24 

100 

22 

82 

19 

98 

22 


492 


2*38 in. 
•61 „ 
2*42 
1*26 „ 


7*07 in. 


The loads are estimated at 7*4 cwt. each, 492 loads therefore = 182 
tons, or 36*4 tons per day and 9*1 tons per cell, which, having in mind 
the low calorific value of the refuse and its saturated condition, must be 
regarded as a very satisfactory result. 
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The operating charges of the destructor per month are as follows : — 


Superintending engineer ...... $50.00 

Superintendent 150.00 

B engine-drivers at $50 each 150.00 

16 firemen at $15 each ...... 240.00 

13 coolies at $10 „ . . . . . . 130.00 

Coolies removing carcases ..... 8.00 

2 bullock carts daily removing clinker at $1.30 per 

cart per day . . . . . . . ' . 80'60 

Lighting 2 Kitson lamps at $1.40 per night each . 86.80 

Sundry tools, material, fuel, etc., say .... 104.60 


$1000.00 

Singapore. — A four-cell Horsfall back-fed destructor was erected 
lere in 1906, followed by a Heenan top-fed destructor in 1909. At the 
present time a second installation of the Heenan top-fed type is in 
-ourse of erection. 

Calcutta. — In 1903 a destructor of the Baker type was erected, 
onsisting of nine cells, each having a grate area of 50 sq. ft., with two 
Jabcock & Wilcox boilers. The plant was aiTanged for working 
ither with forced draught or induced draught, or both. 

The guaranteed destroying capacity of the plant was 135 tons per 
wenty-four hours, which quantity was exceeded during the tests. 

The boiler furnaces were arranged as cremators, some 30 to 40 
launds of coal per twenty -four hours being burned when the destructor 
'as dealing with about 150 tons of refuse daily. 

Madras. — The first destructor erected here was of the Warner 
)p-fed type, comprising twelve cells. In 1902 a three-cell destructor 
: the Harrington type was erected. The Harrington destructor, 
Qown in India as the “ Mofussil,'' was also tried in both Calcutta 
id Mandalay, British Burma. It was specially designed by Mr B. E. 
arrington of Calcutta for the disposal of Indian refuse without the 
56 of supplementary fuel, but does not appear to have been very 
iccessful. 

Karachi. — ^A six-cell destructor of the Warner top-fed type is in 
\e here. 

Naini Tal. — In 1907 a single- cell Horsfall destructor of the front-fed 
pe was erected here. 

Colombo, Ceylon. — At the present time a four-cell Horsfall back-fed 
structor, of the continuous grate-type, is in course of erection. 
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SOUTH AMERICA. 

Pernambuco, Brazil. — A four-cell Horsfall destructor of the back-fed 
type was erected here in 1896. One iiiultitubular boiler was installed for 
the forced-draught supply and works purposes. 

Nine years later Messrs Manlove, Alliott & Co. erected a six-cell top- 
fed destructor with one water-tube boiler. 

Para, Brazil. — In 1892 a Fryer destructor of the top-fed type was 
erected here, while in 1900 a Horsfall top-fed plant of four cells was 
erected. 

Santos. — A Heenan destructor, having a capacity of 25 tons daily, has 
been erected here recently. 

Buenos Ayres (Argentine). — An experimental plant was erected 
here by Messrs Baker, consisting of two cells and one Hornsby water- 
tube boiler. The refuse of Buenos Ayres contains from 40 per cent, to 
60 per cent, of moisture ; the proportion of cinder and ash is very low 
indeed ; generally the refuse may be taken as tyj^ical of that produced in 
the Argentine and Brazil. 

Manaos. — A Horsfall destructor is now in course of erection here. 

Georgetown, Demerara. — A destructor of the Fryer top-fed type 
was erected here about fifteen years ago. 



CHAPTER XII. 


UNITED STATES AND CANADIAN PRACTICE. 

Seven years aojo, in an article contributed to The Municipal Journal 
and Engineer by the author, the opinion was expressed that, owing to 
the many failures of American crematories and incinerators, it was 
becoming increasingly evident that no real progress would be made in 
the United States until destructors of British types were adopted. 

That this opinion was well founded has been conclusively demon- 
sti’ated by the developments during the past five years. In spite of 
the extraordinary and impossible guarantees ottered by the makers 
of American furnaces, and their hostile attitude and criticism, it has 
been shown that destructors of British types are capable of fulfilling 
the very severe conditions which have been formulated and imposed 
by those American engineers who have specialised in refuse-disposal 
work. 

The problem of refuse disposal in the United States is unusually 
complex for various reasons, the principal of which it is worth while to 
briefly review. 

Firstly, owing to the varying climatic conditions, the refuse differs 
very considerably in its composition. In the northern and eastern 
States the percentage of calorific material is high, while in the southern 
and western States the percentage of garbage is very high. 

To a much greater extent probably than in any other country, local 
conditions affect the composition of the refuse. For instance, the use of 
natural gas in certain cities and towns has the effect of materially 
reducing the percentage of available ash and cinder. Again, in other 
localities, where wood is the staple fuel, there is an entire absence of that 
calorific residual which is so valuable in the burning of garbage. 

While it is perfectly true that in other countries somewhat similar 
conditions obtain, the vital difference is that in all other countries 
where the percentage of calorific material is low, the same conditions 

184 
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obiaiu io a large tixtent thvouglioiit tlio country, whereas in the United 
Stativs tlie conditions vary widely. 

Secondly, it must he clearly recognised that in American cities and 
towns re 1 use is moj-e or loss classified, and there are preferably separate 
colle.ctions of (1) garbage, (2) ashes, and (3) rubbish. Generally 
speaking, a single collection of mixed refuse, as in England, is not 
fav'oured, and a people of utilitarian ideas are not altogether satisfied 
that tlu‘, most economical course is to destroy all three classes of refuse. 
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Puj. 72.-- Now York, a Rubbish Tip 111 suiinuer. 


^rixi (liH|)(wal of » reduction or utilisation process has 

many advocates, wliilc ashes are favoured and are veiy extensively 
used for land fdliiifr, to which use there appears to be no objection. In 
HO far as the rubbish is concerned, there is a general consensus of opinion 
that this should be burned, not because it is deemed harmful, but rather 
because it d(unandH much space and is unsightly. Fig. 12 illustrates a 

New York rubbish dump in summer. 

Thirdly, the problem is difficult because the past history and record 
of American furnaces is disastrous. Failures all over the Contineiit 
during a long period of years have convinced many that cremation is 
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impossible. The offensive smells in connection with many reduction 
works has done much to convince others that garbage cannot be treated 
by a reduction system without a very serious nuisance. 

While it is true that the latest reduction works, as also the de- 
structor installations of British types herein described and illustrated, 
are perfectly satisfactory, and while confidence is gradually being 
restored, it will take time, and a multiplication of the present suc- 
cessful installations, before the memory of nearly 150 failures can 
be obliterated. 

The first British destructor was erected in Canada and put into 
service early in 1906 at Westmount (Montreal), and was of the Meldrum 
top-fed type. This installation was quickly followed by the erection of 
a Heenan back-fed destructor at Vancouver, B.C., and a Meldrum front- 
fed destructor at Seattle, Wash., which was the first British destructor 
erected in the United States. 

Following exhaustive investigations in England by Mr J. T. 
Fetherston, Superintendent of Cleansing of the borough of Richmond, 
Staten Island, it was decided to erect a Heenan back-fed destructor at 
West New Brighton, Richmond borough, N.Y., which plant was put into 
operation early in 1908. 

The successful work recorded in connection with the four installations 
already referred to quickly led to the provision of further British 
destructors. Acting upon the advice of Mr Rudolph tiering of New 
York, the city authorities of Milwaukee decided to erect a destructor 
having a daily capacity of 300 tons. Although the Milwaukee plant 
was only completed in April 1910, British destructors were decided upon 
for the cities of Buffalo, N.Y., and Montgomery, Ala. ; it was further 
decided to duplicate the Westmount destructor; and during the present 
year the same course has been followed at Seattle and BuflPalo, while 
contracts have also been placed for a second destructor for the borough 
of Richmond, Staten Island, N.Y., which plant will be known as the 
Clifton destructor, and two destructors for the city of San Francisco, 
Cal. Such is the British record in the United States and Canada during 
the past five years. 

The original installation at Westmount (Montreal) has received much 
publicity ; a brief description of the same will therefore suflS.ce. 

The destructor is of the Meldrum top-fed type, consisting of three 
grates, a total of 75 sq. ft., a combustion chamber, a Babcock & Wilcox 
water-tube boiler, having 2197 sq. ft. of heating surface and a re- 
generator. The steam is fully utilised in connection with the combined 
electricity works. 



Fig. 73. — 'VVestinount (Montreal) Destructor, view of 'buildinga and cliimney. 


jable one, inasmuch as the refuse is delivered to the storage hoppers 
without an inclined approach, while the depth available is such as 
to permit of the clinker being raked direct from the grates through 
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shoots in the clink ering floor to the storage and cooling chamber 
beneath. 

Forced draught is provided by steam-jet blowers, and, as will be 



Pig. 74.— Meldrum’s Top-Fed Destructor at Westmount (Montreal), view of cells at 

clinkering floor. 


seen upon reference to the accompanying official test figures, exceedingly 
good results were obtained. Fig. 73 is an external view of the combined 
destructor and electricity works, while fig. 74 is a view of the cells at 
the clinkering floor. 
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Table XXV. 

WESTMOUNT MUNICIPAL REFUSE DESTRUCTOR AND 
ELECTRIC PLANT. 

Results of Test, May 3, 1906 

Duration of test 

Number of cells .... 

Total ^rate area . ... 

B. & W. boiler, heating surface 

Refuse Consumed. Composition. 

Garbage, manure, and leaves 15 per cent. 

Anthracite ashes, unburnt coal, ciiidei'S, etc. . .65 „ 

Iron, wood, bottles, tins, leather, etc. . . . 5 „ 

Refuse, including paper, branches, old furniture, etc. 15 „ 

Total 100 „ 

Weights. 

Unscreened ashes, refuse, rubbish, garbage, manure, 

etc . . 38,090 lbs. 

Tins, etc., not burned 540 „ 

Net amount consumed . . . . . . 37,555 „ 

Refuse consumed per hour 4,402 „ 

Refuse consumed per hour per sq. ft. of grate . 58*7 „ 

Weight of clinker remaining after combustion . 15,880 „ 

Percentage of clinker and ashes to refuse consumed 42*1 per cent. 


Water Evaporation. 


Total water evaporated ... . . 

41,991 lbs. 

Water evaporated per hour, actual .... 

4,920 „ 

„ „ per hour, from and at 212'’ F. . 

5-970 „ 

„ „ per lb. of refuse, actual 

112 „ 

„ „ per lb. of refuse, from and at 

212 ° F 

1-36 „ 

Water evaporated per lb. of refuse, from and at 

122'' F. and per sq. ft. of total heating surface, 

per hour .... 

2*72 

Pressures and Temperatures. 

Temperature of the outside air, average . 

55 ° F. 

Barometric pressure, average . ... 

29 6 in. 

Average steam pressure . . ... 

123-5 lbs. sq.in. 

„ , pressure in ashpits . . . . 

1-74 in. 

„ vacuum at chimney base .... 

9-16 „ 


8 hrs. 32 mins. 
3 

75 sq. ft. 

2,197 „ 
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Aveiage tern j)ei ature of combustion chamber (by 
Watkins lieat recoiders) over 
Higliest temperatuie of combustion cliambci (cop- 
per melted 111 IJ minutes, wrought iron also 
fused) ovei 

Lowest tempeiature in combustion chambei 
Average temperature an enteiing legenerator 
„ „ air leaving legeneratoi 

„ „ gases entering legeneiator 

„ „ gases leaving legenerator 

„ „ of feed water 


F 


2,318° F 
1 742° „ 
75° „ 
206° „ 


427 5° 
333 7° 


Gas Anatyjses. 

Peicentago of COo, average of six readings 
„ „ CO2, highest reading 

„ „ CO2, lowest reading (clinkering fires) 


10 9 per cent 
13 6 „ 

45 „ 


Times 

Time taken to clinker one grate 10^ mins 

Time between clinkerings 2 his 48 mins 

Times each fire was clink eied 3 


Remarks. — A delay of about three-quai'ters of an houi was caused 
by iion-delivery of garbage in the eaily pait of the afternoon, during 
which time no fresh charge was added to the fiie Had tins nob been 
the case, the total quantity of refuse could easily have been destroyed 
within eight hours, as the fires liad to be held back somewhat on this 
account, and a somewhat better showing could have been made in the 
burning capacity of the destructoi had sufficient garbage been deliveied 
to force it to its utmost capacity 

The extension or duplicate jilant at Westmount was put into service 
in March 1910, and is of the Heenan top-fed type, compiising thiee 
grates = 76 sq ft, a combustion chamber, a Babcock & Willcox watei- 
tiibe boiler, having a heating surface of 2197 sq ft, with a supeiheater 
and a regenerator Forced draught is provided by means of a 66-111 
diameter centofugal fan, direct coupled to a vertical high-speed enclosed 
engine 

The following test figures call for some little explanation In con- 
nection with test No 1, the I'efuse was consideied to be of poor quality, 
containing a high percentage of veiy fine dust from anthracite ashes 
It being agreed that the refuse fell short of the aveiage quality which 
should have been provided in accordance with the teims of the guarantee 
this test was not taken as a guarantee test 
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Tujli XXVI 



Teat N'o 1 

Tost No 2 

J eat No 3 

Date 

ISfarch 22, 1010 

MaiUi 29, 1910 

Apnl 12, 1910 

Duiatioii 

O^r hoiiis 

Gi liouia 

5^ hours 

Details of fuel 

MitLil refuse, gaihagc, etc , ilthvcied 

10,67611) = 30 9/ 

15,790 Ih = ei 

21,110 lb = C9 92y 


Mi\cil Ashes dohvoiuil 


Combustible dual 

13,0Sn lb = 03 1/ 

16,690 lb = 19 7 

3,201) lb = 10 01/ 
6,800 lb = 19 177 

Total delivoied 

28,00011) =100 / 

31, ISO lb =100 7 

30,190 lb =100 /, 

Mixed lefu'io, gaibage, etc , biunt 

10,670 11) = 30 ‘V„ 

16,790 lb = 61 7 

21,110 lb = 86 84/ 

hoieened eomhustlblo ashes 

None 

None 

3,200 11) = 13 167 
None 

rnaLroGued combustible ashes 

13,086 lb = 03 17 

16,690 1b = 49 > 

Total biuut 

28,000 11) =100 

81,38011) =100 / 

24,310 1b =-100 7 

Total cliiikei 

Total dust in fuinaco 

9,806 lb = 34 1/ 
3,000 11) = 10 5/ 

0,27011) = 20 / 
1,0001b = 3 27 

7,026 lb = 28 8 7 

llatio of olinker and dust to lofiise, etc , 
delivered 

12,806 lb = 44 7 A 

7,2701b = 23 2/^ 

12,826 lb = 42 6 7 

Uatio of clinkoi and dust to fuel huiiit 

12,806 lb = 44 7/ 

7,270 lb = 23 2'^ 

12,825 lb = 62 7 7 

Hatio of clinkoi lo fuel burnt 

9,805 11) = 34 2/ 

0,270 11) = 20 7 

7,026 1b = 2S 8 7 

Ratio of dust to Hiel burnt 

3,000 lb = 10 5/ 
3,010 8 lb 

1,000 1b = 3 2/ 

5,800 lb = 23 S 7 

Rale of huiiiing pei hour 

4,704 lb 

4,100 lb 

• " I )ei hour 

40 2 lb 

62 7 11) 

64 61b 

1 1,1* 1 lie 

72,403 2 lb 
-30 17 giosa tons 

112,890 lb 
= 60 8 gloss tons 

99,644 lb 

44 4 gloss tons 

Details of Watei aud Steam 

■ 1 

49,000 lb 

37,688 lb 

39,986 lb 

1 

6,168 lb 

6,633 lb 

6,964 lb 

' 1 1 of fuel burnt 

171 lb 

120 lb 

1 69 lb 

' ^ 1 ! of lefuBo bmiit 

1 71 lb. 

1 20 lb 

1 32 lb 

^ 1 rk trt T Wi\QQ %»« ^^AlUV »\ 

122 0 lb 

118 lb 

1 30 lb 

1 . 1 1 

eOl’O" 

023“ 

606“ 

. 1 CF ) 

1 

170 4“ 

170“ 

170“ 

1235 

1234 

1 22 

1 1' ■ 3Ui*ntfrom 

2 11 lb 

1 48 lb 

2 06 lb 

and at 212“ F 

^ ir 1 11). of lef use delivered 

2 11 11) 

1 481b 

1 61 lb 

1 

■ chamber temp ei ature 

1978“ F 

2202“ F 

]072“F 

m h ' 

2084“ F 

2600“ F 

2166" F 

Minimum combustion 1 1 1 1 « 

1800“ F 

2000“ F 

1796“ F 

Average tempoiatuio 1 1 

’ 1 * 1 ’ ' 

\ ' 1 

048“ F 

662“ F 

710“ F 

481“ F 

636" F 

632" F 

Chimney pull 

g inch 

g inch 

1 inch 

Details of Eloctnoal Figiuea 

\ '• ' i ' n . 1 1 

60“ F 

06“ F 

62“ F 

■ • < f 

287“ F. 

260“ F. 

240" F 

Aveiage 'i 1 1 

8J inch 

4 inch 

^ inch 

Speed of fan 

360 r p in 

330 r i> m 

310 1 p 1)1 

Gas Analysis 

CO 

0 

N, etc 



9 8/ 

0 0/ 

917 

81 17 

1 ' A ' ’ ^ ’ 

1180 

020 

876 

• 1 . . 

124 

138 

162 

‘ * . 

160 0 

225 

240 

. I .) of fuel ton t 

018 

66 

76 6 

Kilowatt houia'iiQi ton (22d0 1 )j ) of lofuse 

018 

60 

61 6 

V ton (22d0 lb ) of fuel burnt 

127 

89 

128 8 

1)11 011818 01 .io io of steam poi kilowatthoui 

Kilowatt houiB pei ton (2240 Ih ) of lefuae 

127 

89 

93 8 

delivuied on basis of SO lb of steam per 1 

kilowatt hoiii 
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The guaianteeb given weie as follows — 

1 That the plant shall be capable of burning to a luiul inuocnonH 
clinker 50 tons of the lefuse of the city of Westinouut pei day of 
twenty-foui houis, 01 20 tons in ten houis 

2 That the combustion of the refuse shall be complete and fic‘c fioin 
nuisance, and that no odouis 01 noxious gases shall be emitted fioin tin' 
chimney 

3 That the temperature in the combustion chamber in noiinal 
woiking with refuse of average quality shall not fall beloAV 1500 ’ Fain , 
and that the average temperature will be from 1700° to 1800'' Fabv 

4 That with lefuse of aveiage quality an evaporation ol t j pounds 
of water per pound of lefuse fiom and at 212° Fain shall be obtained 

The refuse used in connection with test No 2 was coiivSidoiod to bo a 
fair average of that collected in Westmount 

Test No 3 was cairied out with a view to showing the advautages 
of screening the sepal ately collected an tin acite ashes Instead of benig 
tipped into the stoiage bin as in connection with the previous tests, the 
ashes and dust were passed thiough a scieen which sepaiated tlie Hjh' 
lucombustible dust from the combustible ashes The ashes and dust 
weie weighed before passing through the screen, and the combustible 
ash aftei, the diffeience of course being the fine dust 

The ashes weie shovelled into the cells through the clmkouMg doois 

to avoid the trouble of raising the same to tlie tipping plntforin 

Ao useful purpose can be seived by a critical compaiison of tho l!K)(j 
and 1910 test figures, because the lefuse would obviously be of bettei 
quality m Maich and April than m May, hence tlie 1910 figuies should 
show bettei results than those of 1906 

Vancouver, B.O— The destiuctor here is of the Heenaii back-fcd 
type, and has been in use since November 1907 It is a 3-gratc plant 
of the usual type, with combustion chamber, Babcock & Wilcox boilm 
and regeneiator The chimney is 120 ft m height, and fcbc total cost of 
the plant was '?4l,193 30, made up as follows 


Building 

„ extras 
Cliimney 

Destructor plant with boilei and accessories, 
also steam disinfector 


ill, 500 00 
4,543 30 
3,900 00 

21,250 00 


-L , i C/ t 


Olvmg to tlM rapid giowth of the uty. it was detidad to extend tlie 
destructor about a year since, and it was abticipatod that the new plaiU 
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would be completed befoie the end of 1911 This work ly being done 
by The Public Woiks Engineeimg Co, whose headquaiters are at 
Portland, Ore, but there is little doubt that it will closely follow Biitish 
desion Duiino the winter months the refuse of Vancouver is esti- 
mated to contain upwaids of 40 per cent of ashes The composition 
of the refuse in the summer is shown in the following table — 


Table XXVII. 

Household garbage 
Tiade refuse 

Decayed fruit and vegetables 

Manure 

Sawdust 

Meat and fish offal 


82 per cent 


12 


jj 


3 

15 

05 

1 


3 } 

33 

33 

33 


The city engineer thus comments upon the apparent value of the 
refuse as fuel — 

“From the lesidential quaiters, very good, about one-half ashes, 
from the business section, good light lefuse , from the Chinese and 
Japanese section, poor, 75 per cent black and heavy in moisture con- 
taining much vegetable mattei ” 

The destructoi plant is centrally located, being about 200 ft fiom 
tlic mam thoroughfare thiough the city, and has buildings on three sides 

The following interesting featuies are extracted fiom the report of 
the city engincGi — 


Cost of Operation per ton of Refuse Destroyed 

(a) 46 cents pei ton deducting revenue 

(b) 56 „ „ not deducting levenuo 

(c) 91 „ „ including interest and sinking fund 


Staff 

1 engineer at $85 pea month 

2 firemen ((malified cnoincers) at $75 pei month 

4 „ at $70 „ „ 

1 dumpman at $60 „ „ 

With the exception of tlie dumpman, the staff work eight-hour shifts , 
the Biitish Columbian law makes it compulsory for an engineer to be 
m charge of any steam plant of 10 PI P or over 

The avoiage weight of refuse binned per man per liom is given as 
1 04 tons, which hgure it is of interest to compare with the figures of 
mcclianically-charged destructors 

Vixn drauglit is provided, and the steam is used for the fan engine, a 
disinfector, and works pui poses The clinker is described as very hard, 
black, and well burned, the average peicentage being 33 It has been 
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used for land reclamation at the woiks, and has been expeiimeiited witli 
for road bottoming The evaporation pei pound of leiuae destroj^ed is 
given as 52 ^ 

Seattle, Washington. — As alieady observed, the fiist British de- 
structor elected in the United States was at Seattle , this plant has 
been in continuous operation since January 1908 ^ The destiuctor is of 
the Meldruni front-fed type, and comprises 4 grates, with a special offal 
hearth at that end of the giate fuithest from the combustion chauibei, 
a Babcock & Wilcox boiler, having 2201 sq ft of heating suiface and 
a legeneratoi 

The huilding, originally of coirugated iron, and the inclined approach 
loads were constructed by the city engineer, as also the 80-ft reintoiced 
conciete chimney and the boilei foundation The installation has hern 
remarkably successful fioni every point of view, as will be evident upon 
perusing the accompanying leports piepared by Mi R H Thomson, the 
city engineer 

Table XXVIII gives details of the first year’s ojieiation, while Table 
XXIX coveis 60S Avorking days, from July 31, 1908, to August 1, 
1910 

Repoits of this kind are obviously far moie valuable than recoids of 
short test runs, and these figures are well worth caieful peiusal 


Table XXIX 


OPERATING RESULTS, SEATTLE DESTRUCTOR, 608 DAYS, 
FROM JULY 31, 1908, to AUGUST 1, 1910 


Refuse consumed by furnace 
Estimated tins, scrap, and glass going to dump 
Estimated rubbish burned on dump 
Total refuse handled 
Ash and chnkei drawn from furnace 
Ash and dust fiom combustion chamber 
and flues 

Evaporated or consumed by the furnace, 
51 5 pel cent 

Aveiage daily consumption, furnace and dump 
Average daily consumption by furnace 
Total number of loads of refuse disposed of 
Average number of loads of refuse disposed 
of per day 


42,580 523 tons 
502 497 „ 

2068 562 „ 

45,151 582 „ 

18,390 954 „ 

931 023 „ 

23,258 546 „ 

74 263 „ 

70 034 „ 

27 399 

45 0 


1 As slioTViiig the progiess with Biifcish destructois in Canada it may be ohsei ved tliat dining 
the past few months it has been decided to erect Heenan destiuctois at Ottawa, Moose Jmv, 
and Calgaiy 

^ A second defatiuctoi of similai design is now iii course of election at Seattle. 



UNITEB STATES AND CANADIAN PRACTICE 


195 


Average weight of the loads of refuse delivered 
Total time expended foi clmkeiiiig fiiea 
Total number of tires clinkered 
Aveiage time leqmred to clinkei each file 
Aveiage time each fiie was buiiiing 
Average weight of chnkei diawn fiom 
each file 

Daily CMijioiation by boilei (aveiage for 
608 days) 

Aveiage houily evapoiation — fiom and at 
212" F 

Water evapoiated per lb of refuse 


3296 lbs 

3054 hrs 45 nuns 
14,426 

12 nuns 42 secs 
3 his 12 mins 

2550 lbs 

140,068 lbs 

204 h p 
about 1 lb 


Expense and Revenue 

Wages ab poi pay-ioll — total foi burning 
lefuse and handling bye-pioducts l|33,256 19 

'l^’otal cost (pel ton of lefu&e burned) of 

buinmg and handling bye-products 0 7365 

Received fiom sale of clinker and clinker sand 2,466 00 
Received from sale of power 719 42 

Compensation pei ton of lefuse handled ^ 

cash fioni sale of clinkei 0 546 

Compensation per ton of refuse handled 

cash fiom sale of power 0 159 

Compensation per ton of lefuse liandled , 

piopeity impioved by iill 0 20 

Compensation ni ca sh pei ton of 1 e fuse liandled 0 7 05 

Total compensation pei ton of lefusc handled 0 2705 

Net cost, per ton, of handling the lefiise 

at the destructor 0 4GC 


'The average composition of the refuse burned lias been as follows — 
Abli, 43 5 pel cent , manuie, 4 0 per cent , garbage, 32 1 per cent , 
rubbish, 20 4 per cent The average teinpeiaiuie fiom daily readings 111 
degrees Faliienhcit has been, 111 tlie combustion chamber, 237 G'\ at the 
base of the stack, 547*^, at the inlet to the regeneratoi, air tempeiatuie 
74", at the ash-pit, 268" The gam 111 the regeneratoi lias averaged 
194" Tlio gas analyses has shown the peicentage of CO^ to be 10 2 j 
of 0, 4 7 , and of CO, 0 6. Results of weathei obseivations indicate that 
during the period covered by the accompanying data 325 days weie 
clear, 198 cloudy, and 85 lainy The aveiage watei -gauge readings 
show 4 lu at the base of the stack without forced draught, and 1^ m 
back pressure at the ash-pit door of grate 

Borough of Richmond, West New Brighton (Staten Island) — Tins, 
the second British destructor erected 111 the United States, was completed 
in March 1908 Affcei an exhaustive studv of the 
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in England^ Mr J T Fetlier&ton, the Glean&mg Supennteudeut, strongly 
lecommended the erection of a shovel-fed plant, and the contract was 
placed foi a Heenan back -fed type of destructoi having four giates, a 



□ HOP PLAN ON G H 


Fig 75 —“Heenan” Back- Fed Destiuctoi at West New Brighton (N Y ) 

Sectional plans and elevations ° 

specially large combustion chamber, a clmker-cooling pit, and a Babcock 
& Wilcox boiler A regenerator is installed for heating the air supply 
for combustion, together with a centrifugal fan direct-coupled to a 
vertical high-speed enclosed engine 
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The total cost of the installation was as folloAvs — 

Land 100 ft x 300 ft *15,000 00 

Foundations, building chimney, inclined appioach, 

letaining wall, etc 39,500 00 

Destructor, boiler, etc, 23,995 00 

$(18,495 00 

Owing to the inaishy chaiacter of the site, it was necessary to resort 
to piling, and 107 conciete piles, aveiaging about 2(5 ft m length, were 
used The building, inclined roadway, and connecting flue weie con- 
stiucted in lemfoiced concrete The chimney also was built of leinfoiced 
conciete with a tiiebiick hning foi a distance of 20 ft from the base 
Sectional plans and elevations of the destiuctor aie shown in fig 75 
The inclined appioach, building, and chimney are illustrated m fig 76, 
while flgs 77 and 78 lespectively, show the destiuctoi fuinaces at the 
chnkeiing llooi, and the water-tube boilei with the foiced-di aught fan 
and engine 

The official tests of the plant occupied two weeks, and a summaiy 
of the figuies is given m Table XXX , p 201 

Mr J T Fctlieistoii has devoted much attention to the scientific 
aspects of lefiise disposal, and much of the woik which lie has done 
will doubtless have an impoitant bearing upon the future of lefuse 
disposal 

In tlie <iuantitative and (jualitative analyses of rcfuvse, Mr Fetherston 
has done not only more woik, but more tliorough woik, than any 
othoi engincci, eithei in America 01 Euiope Latteily, he has been 
expenmenting Avith devices for mechanical charging and clmkering 
UnL'oitunately, when the autlior was at the West New Brigliton, NY, 
destiuctoi woiks m Januaiy of last year, the experimental cell was 
almost disinaiitled j hence it is not possible to fiunish very complete 
lufoimation concerning tlie same 

Tlie chaiging device m connection with the experimental cell had 
a capacity of 1 cub yd pei cliaigc The refuse having been delivered 
into the lioppei, was then fed as required into what is teimed the pan, 
constructed of steel plate, tire sides being formed of two 18-in channels, 
these cliannels run between frames, containing lollei beaiings at the 
top, bottom, and outside, the lear end of the pan is piovided with a 
movable pusher The channels and pan with the charge of 1 of use are 
pushed foiAAUird into the furnace by means of an Irydiaulic rarn, the 
pan, channels, and contents then covering the full grate area On the 
backward or return stroke the pusher already referred to at the rear 
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Ftg 76 —West New BiigMon (N Y ) Destructor Works, view of a]»proach loadway, bmldiugs and chimney 
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end 01 back of the pan is latched in position, with the lesult that the 
lefuse IS Forced hoddj^ oft' the pan on to the giatc , immediately after 
tins opeiation the pushei is unlatched and returns to take up its 
position in readiness for the next chaige, tins movement being eftected 
by means of a lack and pinion actuating diunis cariying cables to 
guide the lods of the pusher, or preferabl}^ by a small independent 
ram (or piston) The foimei arrangement was used iii connection 
with the expel linen tal cell at West New Brighton, while tlie charging 
device was actuated by an S-in ram (piston) with 200 pounds watei 
piessuie 

Tlie clinkeiing device consists of channel-shaped flat grate bais, witli 
two ndge bans projecting about 6 m above the giate level, earned in 
a stiong cast-lion frame attached to a piston lod, the frame running 
on lolleis 

Each ridge bar is provided with a nose projection or liump on its 
extreme end, to break the clinker along the weak line ci eated bj?' the 
level of the top of the ridge bar, as compared with the grate level proper 
Nme-'inch angle deadplates suiiound the active portion of the grate 
The lam pulls the grate into a closed chambei, allowing the clinker to 
diop dnectly into the cooling chamber below, after Avhicli operation the 
giate IS 1 etui lied to its noimal position 

The clinker-iemoval device consists of a piston attached to a ram, 
so arranged that on the forward stroke the cooled clinker is foiced 
thiougli the outlet door of the clinker-cooling chamber into a car or 
skip for removal • 

The diagrammatic sketches, fig 79, illustrates the charging and 
clmkeiing devices as installed in connection with the expeiimcntal cell 
at West New Brighton, Staten Island 

As alieady observed, early in 1911 it was decided to erect an addi- 
tional destructor for the borough of Eichmond, Staten Island, NY, 
which will be known as the Clifton destructor The principal features 
of tins installation will be the charging, clinkermg, and clinker-removal 
devices already described and illustrated Anothei new featuie will be 
the provision of suction-ash and dust-removal plant 

The Clifton destructor will comprise two 3-grate destructors, each 
guaranteed to destroy 45 tons per 24 hours, two combustion chambers, 
ind two water-tube boilers, six clmkei -cooling chambers, and six each 
mechanical charging, clmkeiing, and clmker-dischargmg devices, togcthei 
fvitli actuating machinery complete 

Each desti uctor unit of three grates will be provided with fan, engine, 
ind regenerator Eor the handling and treatment of clinker, a clinkei 
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Tabie XXX. 


Date 
Test of 
No Te«tj 
1908 


Refuse burned 


Desciiptioii Composition 


2 "fay 

8 


Septembei 
mi\tine as 
pel specih- 
cations 


Refuse as 
collected 


“ “I’ 


Febuiary 
mixtuie as 
pei specifi 
cations 


Components 
"Gaibage 
Fine ash 
Coal and cinde 
" Clinker 
Glass, metal, ei 
Rubbish 


Duia- Total 
tion of Refuse 


Chaiaotei 

Test 

' % 

Lbs 

111 s. 

46-6 

19,875 


21 7 

1 9,256 


7 7 

! 3,281 

8 

0 6 

256 

8 5 

3,625 


14 9 

6,356 

> 

100 0 

42,650 



Wet fiom lain , sample diied 1 16 315 16 145 

gave 38 % of moisture / “ 


Components | 
f Ashes 
I Gaibage 
I Rubbish 
V Glass, metal, etc 


% I lbs 

79 5 31,881 1 

11 S 4,732 [ 

6 3 2,125 I 

3 4 1,364 J 


20 051 19 S27 


I Amount 
of Refuse 
buined 
pel sq ft 
of Giate 
pel houi 


21 325 20 S02 




4 1 

May 

15 

5 

May 


16 


100 0 40,102 I 


Refuse as 
collected 

Refuse as 
collected 


17 430 1 17 235 

62 7 

23 847 1 23 673 

59 2 


Residual 

Test 

No Chnkei, Ashes, , > Total 

11,. 11. cijr’ fM, ”» 

lbs 


Percent- 
age of 
Original 
Refuse 


j Evaporation per lb Refuse burned 
Gioss Net useful 


Gloss 

Equivalent Steam foi 

actual, 

fi om and 

Powei 

lbs 

at 212° F, 

from and 


lbs 

at 212“ F 

1-17 

1 41 

1‘31 

1 03 

1 25 

1 16 

1 10 

1 33 

1 24 

0 91 

1 10 

1 02 

1 00 

1 21 

1 12 


Tempeiature in ®Falir 


Combustion 

Chamber 


Aveiage 

Steam 

Piessure 


Average 

Tune 

per 


<1 

% 

S 

% 

s 

s 

% 

Aver- 

age 

Max 

Min 

Pi ^ 

ga 

Outsid< 

ra — 

0^ ea 

r— * 

sW 

«y 

o 

Pzti 

in lbs 
pei sq in 

a 

O 

!2; “ 

ing, 

Min 

1 12 2 

17 0 

6 0 

1846 

2210 

1526 

893 

48 5 

306 

55 

137 4 

9 

9 0 

2 12 3 

! 16 5 

8 0 

1715 

1922 

1526 

380 

51 5 

287 

nr* O 

55 

ec 

133 2 

1 on R 

8 

1 n 1 

8 4 
IVq 
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laihva}", a ci usher, elevatoi, magnetic separator, and screen will lie 
provided The estimated cost of this installation is as follows — 

GO 

4,000 00 
;^4,152S0 


Destructors, boilers, and accessoiies 

Chimney 

Buildings 



ection on 


Sectional 

Elevation 


i 

^ Pro/, 

iRidge Bar 







'//////) 


Cross Section 
of Grate 




1 


| 10(),019 80 


Hopper 


Pusher ^ \\\ \\nN\N^ns^ 


//7777a 


Pan 


=-V - 1 Charging Device 

] Rani Chnkeruiq Device 

■■■^1 Ram d inker Removal Scheme 


Pusher 

( 





^ Steel Channel 
1 ^ Guide Rods of Pusher 

Ram 1 


Plan-Charging Dovicr 


1 




Ram 1 
plan 

Chnket trig Device 


Fig 79 — Ei-peumental Cell, WesL New Biighton (NY) Desfciiictoi Sectional mows 


The general lay-out of the Clifton deatructoi is illustrated in hg cSO 
Embodying so many new features, the operation of this plant cannot 
fail to arouse considerable interest The inception of the charging and 
clmkeimg devices may be said to be entirely due to the high laboui cost 
in connection with the West New Biighton destructor Owing to the 
high rate of wages ruling in the United States, and having in mind tliat 
but little use has been made of the steam and the clinker at West New 
Brighton up to the present, the cost of operation has been undul}'- heavy, 
and for this leason Mr Fetherston has devoted much attention to tlie 
problem of labour-saving 

It will be evident that a plant equipped on the lines of that proposed 
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for Clifton must involve a serious meiease lu the capital expenditure , 
whetliei or not tins is warranted hy the reduction in the opeiation costs 
leinains to be seen 

Theie IS a fuithei point arising out of the labour question When 
the authoi discussed the matter with Mi Fetheiston in January of 
last yeai lie was of opinion tliat in the operation of the chaiging and 
chukeiing devices tiustwoithy and absolutely leliable men weie of 
vital importance Furthei, it was thouglit that if the clinker should bo 
lemoved too soon, and before a file was well buined down, the abnoiiual 
heat given oli’ fiom an incompletely burned-out fiie in the clink or- 
cooling chamber might be a souice of possible tiouble in connection with 
the grate immediately above 

Milwaukee, Wis — In all piobability the destiuctoi at Milwaukee 
will have tlie distinction of being the hugest destiiictor in tlie United 
States Joi some years to come , this destiuctoi, which has a daily rated 
cajiacity of 300 tons, was put into operation m May 1910 

Of the Heeiian top-fed type, the dc'^tructoi consists of four units of 
MIX giatcs each Foi each unit a central combustion chain bei is 
piovided, witli thice giates on cither side The geiieial lay-out and 
aiiangcment of the plant is shown m fig 81 The mam building has 
two Kstoiics and a liasemcnt Tlio uppei story is used exclusively as a 
feeclmg or chaigiiio llooi, and foi the storac^o of lefuse On the mam 
llooi, a poition of winch is seen m fig 82, the clmkermg is done The 
hasemont is used for the clinkei lailway, and foi the cleaning out 
and lenioval of dust fiom the furnaces and boilei settings The bmld- 
mgs and chimney both sLaiid on pile foundations, above whicli aie the 
coiiciete basc'mout walls, and the sujierstiuctiuc fiamewoik of lemforccd 
concrete, winch consists of columns, Doors, stoiage hoppeis, and ciano 
lunways T]u‘ enclosing walls of the building ai'e a led semi-viticous 
lirick, and the lool is of led lemforced cement tiles 

Thti essentuil parts of the plant aie (1) two ciane luiiways at the 
top, (2) the stoiage hoppeis, (3) the mixing and feeding floors, 'svith 
mochaiucally conti oiled shoots for cliaiging, (4) tlie intermediate flooi 
for tlio fans and fan engines, ( 0 ) the clmkeimg ilooiH, on which aie the 
hollers, fuiuact‘S, etc , (G) the basement, in which are the clmker-removal 
cais, (7) the mam flu(‘, iiinning east fioin the centre line of tlu^ 
building, and (8) the rccoiding and ineasuimg inatiuments 

The lefuse is dohveicd into the storage hoppers above tlic furnaces 
by the cranes, opeiatmg on the ciane lunways over the hoppcis, these 
can be seen in tlie cross-soctional view, see fig 81 The crane rnnwaj^s 
extend over the roadways outside of the building at tlie north and soutli 
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ends, as will be cleaily seen m bg 83, which is an external view of the 
works The garbage wagons arrive at the noith end of the building, 
where the cranes lift the movable steel box body, and deposit the 
contents into tlie lioppei 

At the south end of the building, at giound level, foui dumping pits 
have been provided, ni wluch stand steel dumping boxes The wagons 



f jG 82.— Milwaukee (Wis ) Dostiuctoi, view of colls and clmkoiiiig floor 


m Milwaukee wluch aie used for the collection of ashes and lubbisli arc 
of the bottom -dumping type Backing ovci tlio dumping pits, tlu‘y 
deposit their loads into the dumping boxes, wluch are then lifted by the 
crane and the contents deposited in the storage hoppers The storage 
hoppers, which are shown in fig 81, arc built symmetrically about the 
centre hue of the building There are three separate compaitmcnts foi 
each of the four furnace units All the lioppers are aiiangcd to dram 
with a slope of 1 in 4 from the centre line of the building to guttois at 
the base of the slope, neai the feeding-room floor 
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The diviclnig up oC the lioppeis into compartments enables the 
garbage, ashes, and riibbivsli to be sioied separately, and simplifies the 
mixing of tlie material 111 the shoots communicating with the chaigmg 
openings in the colls The draiirs piovided at the base of the stoiage 
hoppeia have pioved to be very necessary, particularly with the garbage, 
which drains o(f a considerable jiercentage of moisture The storage 



Tio. S3 — J\l ihvaiiLoo (Wia , U S.A ) Doslriicloi WoiIch, viow of buildings and 
chimnoy fiom south 


capacity of tlu‘ lioppers is about 650 cubic yards, or 300 tons Extending 
from tlie guttc'rs at tlio bottom of the lioppers to the wall of the 
building is tlu‘ cliarging-room lloor, or feeding and mixing flooi The 
charging shoots, winch arc sliown m figs 81 and 84, and which com- 
municate with tlie chaignig opeunig in the toj) of the furnaccvS, extend 
about an nicli abov(' the level of tins floor The lefuse is lalced and 
sliovellcd out of the storage hoppers into these chaigmg shoots In tlie 
filling of each cliargmg slioot the man grades the refuse to suit the 
condition of tlie iiie, this is a point of very considerable impoitance, as 


Venhla ting Duct A ir Admtffance Holes Mixing and Feeding Fhoj^ 
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it enables a poor fire to recover 
rapidly if it leceives a selected 
charge 

Six chaiguig shoots aie pio- 
vided for each unit of six giatos , 
each shoot is constructed oi sheet 
steel 6 ft long, 24 in by 18 in 
at the top and 30 in hy 24 in at 
the base, and will contain about 
one cubic yaid of lefuse 

At the base of the shoot is 
a mechanically controlled door, 
which IS operated by the iiremen 
from the clinkeiing floor — see 
the cioss-sectional view, tig SI 
This device consists of two steel 
shafts attached to foui jiinion 
wheels, rolling m pans on two 
lacks The sliafts hold a fire- 
brick dooi, and aic attacliod 
eccentrically to the pinions, so 
that when the pinions aie pulled 
forward they hit the door fioiu 
its seat and caiiy it foiwaid at 
the same time Guides to pie- 
vent the falling icfuse irom spill- 
ing follow the dooi as it moves 
away fiom the shoot 

The dooi consists of a cast- 
iron flame, filled with liicbi’ick 
blocks, the outer edges of tlio 
flame extend below tlie fire- 
brick and fit snugly into cast- 
iron seal troughs, filled with 
asbestos packing to seal the 
door tightly 

When the plant is being 
worked up to its i*ated capacity 
about nine chaigcs per hout aio 
put into each furnace, it should 
be observed that diynig hearths 
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aTe piovided, and eveiy fresh charge of refuse is delivered on to a 
diying liearth, and not on to the grate direct 

Furnaces — On the mam flooi of the plant, generally known as the 
clinker mg floor, the foui furnace units are located These are arranged 
symmetrically about the centre lines of the building Each unit consists 
of the furnace chamber proper, a water-tube boiler, an air heater, and 
the forced-draught apparatus At the back of the furnaces are two ducts, 
the hot gas duct above and the hot air duct below In front of the hot 
gas duct, and separated from it by a 9-in firebrick wall, is the so-called 
drying hearth The grates extend from the drying health to the dead- 
plate in front of the clinkermg dooi Below each grate is the usual 
separate ashpit, so that the forced di aught for each grate can be separately 
controlled The geneial ariangement of the several paits of the 
furnaces, and the course of the air supply and gases of combustion, are 
shown by fig 84, which, howevei, is not stiictly accurate as to structural 
dctarls 

The gases of combustion from the giates come together 111 the large 
combustion chanihei, in the centre of each unit, where their velocity is 
checked, and tliey are turned slightly downwaid hy a baffle wall at the 
top Tins not only gives ample opportunity for complete combustion of 
the gases, but has a decided tendency to deposit the dust from the gases 
into the lower part of the combustion chamber, which is carried about 
10 feet below tlie grate level. Fioui the courhnstion chamber the gases 
enter tlie first and second passes of the boiler, then pass thiough the 
iiiHidc of the tubes of the air heatei, thence thiough a short Hue into the 
main flue, and so to tlic chimney In the short flue tliere is a damper 
wliicli controls the suction draught for each unit. 

The forced diaiight Eor combustion is driven by fans around the outside 
of tlio tubes of the air heater and into the hot an duct, from which it 
passes tliiough valves into tlic ashpits, and so through tire perforated 
grate bai s to the fire The hot gas duct above the hot air duct is operated 
by steam jets, winch induce the hot gases from the combustion chamber 
tlirough opoTiings m the brickwork into the lefuse standing on the back 
heartli The pin pose of this is to paitly diy out the abnormally wet 
rcifuse as it stands on the back hearth before it is raked over on the fire 

T'’lre back heartlr receives the fall of the refuse from the charging 
shoots above, and is built of a specially heavy design for this purpose 
The refuse is left to stand and dry on this lieaitli until it is needed on 
the liie, when it is raked forward by the firemen 

T'lre grates slope slightly fiom the back hearth to the furnace Iionb, 
and are built of heavy cast-iron channels, perforated with -^-in holes for 
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the admission of the draught They lest fieely on the deadplate lip of 
the furnace front, and can slide forward and back on this as they 
expand and contiact 

The furnace fronts are built of heavy castings seemed to the vertical 
and hoiizontal steel framewoik of the furnace In front of eacJi giate 
IS a wide clinkeiing door, in which is a small stoking dooi, which gives 
the stoker a good lest for his rake when raking new refuse ovei the fire 
The ashpit dooi closes the ashpit practically gas-tight, and tlie valve 
controlling the foiced draught operates thiough the furnace front just 
above the ashpit dooi 

Brickwork — The furnaces and boiler settings aie built in pink 
piessed brick, lined with firebrick, and are heavily braced with steel 
buck stays and horizontal channel irons After a thorough investigation, 
three grades of firebiick were selected, as follows — (1) C Fianklin 
Crown, a tough, hard, close-grained buck, used to line the sides and 
doors of the furnaces, and selected especially to withstand the weai and 
tear from stoking and clinkenng (2) Eoj^al Star, a softer, coarse- 
grained, highly refractory brick, used m the arches of the furnaces wheie 
the heat is gieatest (3) Scioto Star, a good refractoiy boiler brick, used 
to line the second pass of the boilers and the flues Tliese bricks have 
the following chemical analyses — 

chemical analyses of firebrick 



C Fi an kill! 
Clown 

Royal Stai 

Scioto Stai 

Silica 

1 ns 26 

55 26 

50 17 

Alumininni 

' 41 01 

41 78 

40 86 

lion oxide 

3 36 

1 67 

1 63 

Lime 

41 

267 

289 

Magnesia 

•47 

601 

626 

Alkali 

1 50 

569 

61S 


Tests of these bricks were made wnth the following results — 
TESTS OF FIREBRICK 



Atsoiption 
in 48 hrs 

Per cent 
Elongation 
at 1800° F 


Per cent 

Pei cent 

C Franklin Ciown 

6 93 

0 4 

Royal Star 

8 64 

0 67 

Scioto Star 

7-0 

1 4 
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The bricks were all laid m Hreclay, mixed to the consistency of 
cream Each buck was dipped 111 the claj^ and then hammeied into 
place with a heavy mason’s haminei, so as piactically to touch the 
siuioundino buck on all sides The maximum space between the bricks 
thus laid was J, in, but this was due to ure^ulaiities m the buck, and 
novel extended ovei tlie whole bed The aveiage thickness of joint was 
less than -^^-111 It was found advisable to select the buck, so that each 
coLiise sliould contain buck that was as neailj?’ the same thickness as 
possible J 3 ucks buined at tlie same time should be kept together and 
used 111 the same paifcs ol: the wall 

'’J'he iiiotliods ot bonding the liiebnck together are interesting In 
walls moie than one brick thick, the bucks weie held together by 
strips ot i\',-in band non extending thiough ovei two bucks, the end of 
the non being beat ovei as a hook at the exjiosed suiface of the brick- 
work This was done because a difference in temperatuie on tlie two 
sides of the bnckwoik would luxtuially produce diffeient degiees of 
expansion and contraction Tlie ordinary header and stretchci bond 
would have given no oppoituiiity foi the biickwork to adjust itself to 
these movomcmts between the inside and outside couises In otlier 
places whi‘i (' the diffcience in expansion between the two sides of the 
wall was not gieat, headoi courses weie built into eveij?" thiee stietcliei 
coiuses About the chnkeung doois laige blocks weie used, and were 
laid to overlap each othci* so as to pieA’ent the falling out of the brick 
undei the jar of tlie clinkeimg tools 

The aiclies ovei the Euuiaces icst on cast-iron skewbacks built into 
the Cuinace wall Each consists of two independent aiche.s resting on 
sepaiate skewbacks The lower arch receives the full heat from the 
file and piotccts the upf)cr arch, which lemains intact to hold the loof 
of tlio turuace in place 

BorUERS — Each furnace unit contains a 200 -H P watei-tube boilei 
These boihus aic linug from steel fiamcwork extending to the concrete 
footings above the piles Tlie lioilons aic hung high so as to provide 
amph‘ s])ae(^ foi dust settling and foi the tubulai air heater to stand 
Ik'Iow the boilei tubes in the second pass Each boilei is eipupped Avitli 
tlui'O dust- blowing doors, so that the tubes can be kept fiee from dust 
and tlie iwaporatiou maintained at the maxnnuin The boilei settings 
III tlu‘ bascmuait aie all accessible througli heavy doors foi the removal 
of dust 

Aik Hicateiis — Below the tubes in the second pass of the boiler 
stands a tubulai an heater liach heatei is approximately 8 ^ hy 8 i ft 
lu plan, and 4 ft high It was found duiing the tests that these were 
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capable of preheating the forced-draught air supply to a tempera tine 
of 350° F 

Flues — Each furnace unit connects with the main flue through a 
shoit tiuiik flue leading from the boiler setting below the air heatei 
In this short flue is a damper so that the di aught fiom each unit can be 
con ti oiled Each of these trunk flues has an aiea of about 30 sq ft 
The mam flue extends between the furnaces on the east and west centre 
line of the building to the chimney It lias an area as it entei’s the stack 
of appioximately 65 sq ft Just in front of the entrance to the stack is 
a damper so that the chimney draught can he controlled The mam flue 
IS built of pink piessed brick, lined with firebiick, the walls being 
13 in thick The bnckwoik is supported on a steel framework and is 
braced by veitical buck stays 

Clinkering — The chnkeiing doors are in the furnace fronts In 
front of each chiikeimg door is a so-called clmkei trap dooi, winch 
covers an opening through the clinkering flooi into the basement In 
the basement, clinker cars operate on narrow-gauge tracks During 
clinkering the clinker dooi and the clinker trap door are opened The 
clmker and ash drawn fioni the grate fall thiough the trap door into 
the car standing below At the present time, clinker is being dumped 
at the lake shoie, about 200 ft east of the plant 

Ventilation — The air for the forced draught is drawn by the fans 
from the clinkering rooms and from the feeding and mixing lOoms (see 
figs 81 and 84) Ducts extend from the fans along the tops of the 
furnace fronts m the clinkering rooms , and also above the charging 
shoots in the feeding and mixing loom In this way the hot close 
air about the furnace is continually drawn out and forced tlnough 
the fires 

Fans — The foiced draught is produced by four 48-in sirocco fans, each 
having a capacity of 10,000 cub ft of air per minute, undei a pressure 
of 5 in of water at the fan outlet These fans aie directly connected to 
5-in high-speed vertical enclosed engines built by the Ameiican Blower 
Co Theie is one fan and engine for each unit These all stand on a 
small conciete platform above the flue and between the four furnaces 
The an is delivered by the fans into ducts leading to the air heaters 
By means of a baffle, the cold air passes twice around the tubes of the 
air heater and then passes through a duct to the ashpits The diauglit 
into each ashpit is controlled separately by a valve operated at the 
furnace front 

Chimney — The waste gases of combustion all pass into a radial 
brick chimney standing 154 ft high above the clinkering floor level 
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This stack is lined witli drebiick to a height of 55 ft It lias an inteinal 
diametei of 1 0 ft at the top 

Instruments — The. plant is fully equipped with indicating and 
measuiing instiuineiits so that the ojDeiation of the luinaces can be 
watched and maintained at maximum efficiency This feature is of 
consideiable impoitanco in conjunction with the power plant for the 
utilisation of steam, a featuie which is being consideied by the city 
officials The instiumcnts ptovided include tlie following — A Feiy 
ladiation pyiometei, a Biistol electric indicating pyroinetei, a CO> 
rocoidei, theimouietei, and draught gauges 

Special Features — Theie aie seveial special features to winch 
particulai attention should be called 

(1) Tlie piovision lor draining the watei fioin the gaibage stoied 
in the lioppeis is a fcatuie which takes full advantage of the local 
conditions of sejiaiate collection It has been estimated that from 7 to 
9 poi cent by weight of tlie water in the gaibage diams awaj-" m this 
manner 

(2) 'I'lic central location of the combustion chamber and its extension 
to the basement LO ft below the grate level ^Movides ample oppoitunity 
foi the settlement of dust and foi complete combustion, to eliminate 
smoke. This featiue has pioveii to be very successful 

(3) An objection sometimes made to mechanical chaiging is that the 
discharge of a laige ((uantity of lefuse at one time into the iiiinaces 
destioys the activity of the hre This objection is obviated by receiving 
the fall and shock ol the chaige on the bade hearth instead of on the 
giate This not only prevents the disturbance of the fire, but also affoids 
opjioitunity ior drying the refuse somewhat bcfoic actually stoking it 
ovci the gi’aie. 

(4) The large areas of Hues and passages tluougliout the furnaces, 
and the complete oontiol of these with dampers, have pi oven to be 
fcatuK's well woith then cost 

CONSaitUCTION OF THE DESTEUCTOK 

CuNTRAOTiS AND PRICES — Tlie general contract for the loundations and 
fiamework of the building, and for the furnaces, boilcis, maclnnei^q etc, 
was awaided to the Power Specialty Co of New York City foi the 
approximate sum of $175,000 The building and appiu tenances wcie 
let m twelve sepaiatc contiacts, amounting altogether to $20,000 The 
chimney was built by the M W Kellog Co of New York foi i|4485 
The extras on the woik amounted to a-puroxiinatelv .*4500 and the 
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engiiieeiing and inspection fees to appioxunately $5000 The total cost 
ot the woik has, therefore, amounted in loiiiid figures to $208,985 

Contract Tests. — In accordance with the specifications, eacJr unit 
was tested once The specitications required that theie should be three 
official tests, and one test on a mixture prepared to represent tire noiinal 
grade of refuse otherwise disposed of by the city, a condition which will 
hold when other destructors have been built It was deterinined that 
this inixtiue for tlie average througliout the year would appioximate 
to the wiiitei iniKtuie defined m the specifications Consequently tests 
were made, using only the thiee mixtures of refuse designated in the 
specifications as extreme summei lefuse, extreme wintei refuse, and 
average annual refuse The results of the thiee official tests are given 
lu Table XXXII (page 217) The fouitli test was made as a pio- 
visional test befoie the plant was put into full opeiation, and proved 
the capacity and evaporative abilities of the plant satisfactorily 

While the three official tests were being made, the plant was handling 
all the garbage of the city This made the conditions of testing rathei 
arduous, because the plant had not had time to develop its best efficiency, 
and because other portions of the plant had to he kept nr full operation 
Three units weie in legular operation during the tests, one at a time 
being singled out for testing 

The material burned during the tests consisted of garbage, ashes, 
rubbish, and manure taken from the regular collection wagons No 
attempt was made to select any of the materials Samples weie taken 
duiing five different tests and analysed, the results being given in 
Table XXXI 

The samples were taken on the dates indicated and were analysed in 
the laboratory of the Semet-Solvay Co The percentage pioportions 
are by weight of tire original sample 

Representative shovelfuls of the materials were taken, mixed, 
chopped, halved, quartered, and bottled foi analysis 

The various ingredients of the refuse were not artificially mixed 
The garbage was first depo.sited on to the floors of tlie two outer 
hoppers of the unit undei test Then the ashes, lubbish, and manuie m 
the pioper quantities were deposited on top of the garbage as thej?- wcic 
received from the wagons While the material for the tests was being 
weighed and stored in the two outside hoppers, the furnace was being 
operated by material previously stored in the middle hopper At a 
specified time the charging shoots were filled with refu.se from the 
weighed mateiial, and the test was continued until all of the weighed 
material had been deposited into the charging shoots 
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Taull XXXI — ANAl.YSES OF REFUSE TESTED 



]\Loistuio 

Caibon 

1 

Volatile 

Mattel 

Tiue Ash 

(1) G-aibage — 





Pei cent 

Pei cent 1 

1 Pei cent 

Pci cent 

]\lay 18 

64 32 

4 85 

1 IS 95 

11 88 

n 24 

6S 67 

4 22 

18 20 

8 91 


72 44 

4 29 1 

1 16 92 

6 35 

M 27 ' 

75 74 

3 39 

16 40 

1 38 

Juilf’ 1 

71 S7 

3 95 

17 25 

6 93 

1 Avciago 

70 6 

4 1 

17 6 

7 7 

(2) Aslics — 

I\lay IS 

15 43 

12 76 

b 48 

66 34 

,, 24 

20 20 

26 94 

4 25 

48 61 

„ 26 

16 79 

23 33 

8 76 

52 12 

„ 27 

10 52 

15 24 

6 06 

69 08 

Juno I 

19 12 

38 01 

3 40 

39 47 

Aveiago 

18 0 

23 3 

5 S 

52 9 

J\Iay 21, bample of wot asliGs 

1 30 11 

1 19 67 

I S 41 

1 41 51 

(3) Rubbish — 

May 18 

1 13 60 

1 18 21 

I 36 37 

1 31 82 

„ 24 

18 03 

16 04 

29 72 

35 21 

„ 26 

17 07 

16 26 

69 63 

7 05 

M 27 

60 83 

8 90 

19 62 

20 76 

Aveiagi 

24 9 

1 14 9 

1 86 3 

1 23 9 

(4) iManuio — 

J\Iay 18 

49 29 

9 27 

27 95 

13 49 

„ 24 

53 63 

11 52 

27 78 

7 07 

49 67 

10 18 

33 64 

6 71 

n 26 

57 02 

10*83 

22 66 

9 60 

,, 27 

58 67 

7 31 

28 13 

5 96 

June 1 

50 50 

11 31 

33 30 

4 86 

Average 

63 1 

10 1 

28 9 

7 9 

(6) StiooL Swooiniigs — 

, I line 1 

33 05 

1 9 31 

1 14 6 

1 43 04 


Recoicls of ihc touiperatuie and ovapoiation were taken legularly 
Uuoughont all tlie tests Teinpei-atures in the combustion chambei woie 
load on a Bristol olecfciic pyrometer, calibiated to read up to 2400° F 
Tlieso leadings wcio taken every 15 minutes The points of tlie 
instrument extended tlnougli the sight hole of the combustion chamber 
dooi about 3 ft into tlie combustion cliambei They therefore did not 
extend into the liotfccst part of the chamber, and the readings of tempera- 
tuie aie conso(|Ueiitly on the safe side All other readings were taken 
eveiy half-hour The moasuremeuts wei e made by the superintendent, 
Mr Gicelej^ assisted by four men, two of whom weie from the city 
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inetei - testing clepaituient, one of whom was electiician at tlie old 
gaibage plant, and tlie other was employed especially for tins puipose 
The Bristol pyiometer was calibrated against tliiee Ingh-tempeiatiiie 
instiuments at tlie Semet-Sol\ay Go's works, and was found to be 
appioximately coriect Tlie feed-watei metei was calibrated at inteivals 
throughout the tests 

The labour used on the furnaces was not skilled in this kind of 
woik The fiiemen Jiad about one month s exiierieuce on the fuinaces 
before the tests weie started, and weie workmen without pievious 
experience in liigh-tenipeiature firing. The man shovelling on the 
feeding and mixing floor was an oidinary labouier, selected fiom a 
dozen or moio woiking about the plant During the tests to determine 
the cost of incineiation, in accordance with the requnements of the 
specifications, one man charged the charging shoots on the feeding and 
mixing room flooi, and thiee men operated the furnaces below These 
men opeiated the furnaces duxing the whole period of the test on 
average annual refuse During the clinkering, one of the three men on 
the furnace woiked in the basement, handling the clinkei cai, which, 
when full, was pushed to a point just outside the building as lequired 
The evapoiation for determining the steam credit was based on measure- 
ments taken on May 26 The lesults of the tests are given m Table 
XXXII, showing the summaiy of the official tests of the Milwaukee 
refuse destructor No measurements weie made of the quantity of 
clinkei produced, because, with the otliei two units opeiating, it was 
impossible to isolate and weigh the clinker fiom the unit undei test 

Supplementing the data in Table XXXII with lespect to the con- 
ditions and guaiantees called for m the specifications, reference may be 
made to several of the principal featuies, as follows — 

The capacity of the fuinaces was guaranteed to be such that 60 lbs 
of lefuse would be burned per sq ft of grate area pei hour. This late 
was easily obtained, and the indications are that m practice a rate in 
excess of this figure can be quite regulaily obtained 

It was specified that the temperature m the combustion charabei 
should not drop below 1250'" F, and that an average temperatme 
should be maintained of at least 1500'' F This feature was entirely 
satisfactory 

The furnaces, when Avorkmg at their normal load, were required to 
produce a residual that is thoroughly burned, hard, and fiee from 
oigamc matter Chemical analysis of representative samples of residual 
showed the percentage of volatile matter to be 0 06 per cent in clinker, 
1 77 per cent m ashpit ash, and 0 74 per cent m the grate ash 
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Tlie steam piodiiction, equal to 1 25 lbs of steam generated fioni and 
at 212'’ F , £01 each pound of refuse of the annual average composition, 
easily met the guarantee, and sets foith the most distinctive feature of 
the Milwaukee lehise destructor The production of 0 87 lbs of steam 
pel lb of lefuse of the extieme summer composition well illustiatea this 
featuie of the plant, and is a icsult vdneh appeals most sti iking to those 
inteiested in tins question 

No odouis, obnoxious gases, smoke or dust escape Iroiii the chimney 
or building Tlie combustion cliambei selves successful! 3?' as a dust 
settling chambei 

No nuisance was cieated at the works during ordinal opeiations 
In the basement wheic the clinker is lemoved, at times theie was more 
or less dust noticeable as the cliiikei diopped through the tiap dooi into 
the cais standing below Tins feature will undoubtedly show improve- 
ment as the plant continues in service, and the operatois become moie 
familiar with its jiiopei peifoimaiice Taken as a Avhole, the destructoi 
was found to be sti iking I}?' fieefiom anj^thing that could be designated 
as a nuisance 

Tlie flues, dust collectois, furnaces, and combustion chambers aie 
aiiangediii an accessible manner, and so that dust and ashes may be 
removed Avithout any um easonable dela^" 

Tabic XXXIV shows the computation of the cost of iiicinei ation, in 
accordance with the icquiiements of the specifications 

Tins cost, as is true of all other recoids of the tests, is computed 
according to tlie puces and conditions cleaily set foith in the specifica- 
tions, a sjniopsis of winch was published in Engineering Neiua, New 
Yoik, for April 22, 1909^ On account of the limitations set forth 
in the specih cations, the actual cost of opei ation is not given b}^ these 
figures 

Operation. — Expciience duiing Maj?- and June 1910 indicated that 
the total cost of opoiatnig the new plant will not exceed $4700 per 
mouth dining tlie summer, and that the average throughout the year 
will not exceed $4400 per month, making a total 3^earty coat of opeiation 
and maintenance of the new plant of $52,800 

As the destructoi continues m service it will no doubt be opei ated 
moic ecouoiuicany than at the outset, when it is necessary to tram new 
men to new duties With the annual cost of opeiation and maintenance 
as above estimated, iL is found that the cost of opei ation and maintenance 
per ton of mixed refuse is about 57 cents, on the basis of operating the 
plant at its fulhratod capacity of 300 tons per day foi each woiking day 
^ Eiujincei Lug Nms^ New Yoik, ^pul 22, 1909. 
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in the year Whether 01 not this figuio will he leached duiiiig tlie first 
yeai of operation depends laigcly upon the actual tjuantity of lefiise 
incineiated Using the 1909 figures £01 the cost oi opciatioii and 
maintenance of the old gaihage plant, including the cost oi tianspoitation 
acioss tlie river, an expense now eliminated, the cost of operating the 
old plant foi the disposal of garbage alone on a yeaily basis amounts to 
$64,256 Tins figui'e makes no allowance foi power used for ciane 
service and lighting at this plant, the power was being furnished fioin 
an adjoining sewage-pumping station without charge Power foi those 
services at tlie new plant is developed from the combustion of the refuse 
Fuitlier, ill the estimates of the old plant, no charge was made foi tlie 
tug for towing the garbage across the river, as that was furnished by the 
city file depaitment without charge 

Comparing the operation of the old and new jilants, it appears tliat 
there is a saving of at least $11,000 per year, which at 4 per cent will 
pay the mteiest cliaiges on an expenditure of $275,000 — a sum suificieiit 
not only to pay foi the cost of the new plant, but also to pay for the cost 
of the installation of a power plant to utilise the excess steam generated 
The destiuctoi will develop an excess supply of steam from the 
combustion of the lefuse, which will be of real value for opeiating sewage 
pumps, electiic lighting, or otliei municipal woiks The value of the 
steam depends upon its use, and no estimate has been included, although 
it is one of the chief credits of the plant Assuming that, oi the fom 
complete units, one is held as a reserve, and one is used foi operating the 
destiuctor accessories , there remains 400 boilei H P available foi use 
elsewhere, which will operate a SOO-kw geneiator Assuming the 
value of power to he one cent per kw pei lioui, this lepicsents a value 
foi the excess steam of about $3500 j)er month, 01 $42,000 j?’eai 

In setting forth the ineiits and advantages of the new destiuctoi at 
Milwaukee, it is necessary to recognise the sanitaiy advantages of dis- 
posing of the Lubbish by incmeiation, particularly with respect to such 
articles as mattresses and other materials subject to infection As cities 
luciease in size, it becomes moie and moie difficult to find accessible 
dumping grounds for the disposal of ashes and rubbish The ability to 
dispose of ashes and lubbish in a modern incinerating plant without any 
difficulties as to nuisances fiom odouis, smoke, 01 dust is an item of much 
financial importance It means that it is quite feasible, with the proper 
location of a senes of mcineiating plants, to reduce considerably the haul 
for the teams making the collection, as compaied with hauls necessary to 
suitable dumping places Milwaukee, as well as many other cities, ofiers 
opportunities for effecting a saving in collecting rubbish and ashes to 



ITNITED STATES AND CANADIAN PKACTICE. 


217 


such au extent that the saving will more than pay the inteiest on the 
cost oi the installation of modem iiiciiieiatnig plants at points where 
they can bo located and utilised to best advantage 

These figuies and comjiaiisons aie not given as a detailed study foi 
the futiue development of lefuse disposal in Milwaukee, but simply to 
indicate the inherent value of a modern incinerating plant along eco- 
nomical as well as hygienic lines 

The authoL is indebbed to Mi Samuel A Gieeley, jun , A M Soc G E , 
Superintendent of the refuse-disposal wotks at Milwaukee, foi the 
foregoing very complete description of the destiuctor woiks, which he 
was privileged to inspect in Jaiiuaiy 1911 

Taiue XXXII — SUMMAKY OF OFFICIAL TESTS OF IMILWAUKEE 
REFUSE INCINERATOR 

May and .riiiio 1910 


DaLo 

JMay 19 and 20 

May 23 and 2 1, 
June 3 

Llciy 26 to 
June 1 1 

Dimition, houis 

37 

t 36 Ins 26 nuns | 

37 

Criacli' of lofuso toiilod 

Extieme 

Sumniei 

Extieme 1 

Wintei 

Aveiage 

Annual 

Kofusc biuncfl, total tons 

123 02 

126 87 

126 81 

Poico]]tago ofgaibago 

f)0 7 

29 7 1 

40 8 

, aahes 

30 0 

59 7 1 

41 0 

„ lubbisli 

6 9 

6 8 1 

4 8 

,, niaiinie 

0 8 

3 8 

13 4 

Rato of bm mug, tons poi 24 liis 1 

80 

81 

86 

Lbs 1)01 stj[ It of giato aipa poi In 

63 

65 

6i 

Nmnl)oi of lues chnkuuMl 

57 

62 

63 

Avei age time pel chiikeinig, muis 
jCvaj)oiatioii pei lb ol leliisu— 

7 8 

9 

7 3 

GiobS aclual, pounds . 

79 

1 19 

1 10 

Eqiiivaloiit lioiu and at 212'’ F , lbs 

N<d. useful Jumi and at 212" F , lbs 

•96 

1 45 

1 31 

87 

1 36 

1 25 

Tonipoiatuio teod watei, dogiees F 

52 

49 

49 

Avoi ago steam piessuio, lbs poi sq in 
Caibon Dioxide — 

116 

133 

130 

Aveiago, poi eont 

9 3 

8 8 

12 9 1 

Maximum, ,, 

It) 0 

19 8 

17 2 

Miiimmni, , , 

TenqioiatUie, degiocs F — 

6 2 

5 5 

3 6 

1,664 

Combustion chamboi avoiago 

1,607 

1,668 

,, , minimum 

1,267 

1,210 

1,267 

„ ,, ma\inium 

1,880 

2,060 

2,000 

Chimiioy geses 

581 

697 

516 

Ibucod diaugliLj leaving lioatoi 

Piu-JSUiQ of diaught leaving lioalei, iiis 

398 

358 

361 

1 2 

4 9 

4 6 

of water 

Furnace units undoi tost 

No 4 

Nos 1 and 2 

No 1 
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Tlie followino Table XXXIII owes the detaily of the live months' 

O Cl 

woiking^ with compaiative figures showing the cost of disposal foi the 
coiiesponding period of 1909 

Table XXXIII —MILWAUKEE REFUSE DESTRUCTOR. 

Diitii foi Fast Five Months’ Opouition, June to Octobei 1910 



Total Quantity 
in Tons 

d 

Ti 

? m 
— Q 

CD O 

03 

< 

■*2 cu 

3 bJD ^ to 
O ^ 

t L CO 

CD JS 03 <) 

(all by wei 

ght) 

Per Cent 

1 Manure 

Total Cost 
Disposal of 
G-aib-ige, 1909 

Cost Disposal of 
Refuse, 1910 

Balance in 
favoui of 1910 

Cost per Ton of 
Refuse, 1910 

June 

5,170 

198 

59 25 

9 

3 

15,691 60 

114,956 04 

1735 56 10 96 

July 

4,760 

183 

67 17 

11 

5 

6,451 84 

5,146 48 

1,306 36 

1 07 

Au^" 

4,861 

180 

1 71 14 

1*2 

3 

1 6,662 64 

5,074 96 

1,587 68 

1 04 

Sept 

5,341 

206 

67 20 

U 

2 

6,914 24 

4,698 74 

2,216 60 

0 88 

Oct. 

5,370 

206 

64 22 

12 

2 

5,453 60 

4,405 21 

1,048 39 

0 82 


25,502 

104 

66 20 

11 

3 

i 

131,173 92 124,281 43 

^6,892 49 


Table XXXIV— TEST COST OF OPERATION OF MILWAUKEE 
REFUSE INCINERATOR 


Average Annual Refuse 

Tons incinerated during test 126 81 

Laboui requiied — 

1 feeder, 37 hrs , at 25 cents SO 25 

3 firemen, 37 hrs , at 25 cents ‘ 27 75 

I engineer’s time, 37 his, at 37 i cents 3 47 

Total cost 3f40 47 

Cost of laboui per ton 31 9 cts 

Steam from and at 212‘'F to opeiate fan engine 

and feed pump per ton 219 lbs 

Cost of steam used per ton at 4 cts per 100 lbs 8 8 cts 

Total cost to incinerate 1 ton 40 7 cts 

Total steam generated from and at 212° F per ton 2 680 lbs 
Value of steam per ton of lefuse burned at 4 cts 

per 100 lbs 107 2 cts 

Net profit per ton of refuse burned 66 5 cts 


Buffalo, N.Y — Here the destructor is of the Heenan top-fed type, 
and consists of a 3-giate destructor, combustion chambei, water-tube 
boilei, and regenerator The plant is located at the Hamburg sewage 
pumping station, with which woik.s are also combined a refuse sorting 
and utilisation works 
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When llie aiitlioi inspected tins installation 111 Jaiiuaiy 1911, soited 
lubbisli only was being destioyed In July 1913, when the existing 
contiacts £01 the disposal of garbage expiie, it is pioposed to destioj? the 
gaibage and ashes With this object in vle^\'■ it has recently been 
decided to duplicate the destiiictor at the Hainbuig pumping station, and 
it IS pioposed to erect a thud destructoi on another site, pieferably wheie 
facilities exist foi the utilisation of the steam 

The sewage pumping plant at the Hambuig pumping stition — about 



K[(i 85 — Budalo (N Y ) Refiiso UlihsuUon Plant Tipping llooi 


50 hi F , together with the plant in the adjoining icfusc-sorting station — 
enables a fair piojioition of the steam available fiom the dostiuctoi to 
be pioHtably utilised The revenue from the steam supplied to the 
sewage-pumping plant is recoided in the accompanying financial repoit 
loi the yeai ending 30th June 1910 

To one who has always objected to the soitiiig of refuse by female 
laboin , the woiks at Buffalo were of gicat mteiest, the sorting is veiy 
thoioughly done undei fairly satisfactory conditions, and the nature and 
value of the materials lecovered is a revelation 

Fm S5 IS a view of the ground floor at the Buflalu woiks, at which 

CT O 
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point tlie lubbihli IS deln Gied , all the lublnsli is earned to the soiting 
llooi above by means of tlie band eoiiveyoi shown in the background 
There can be no doubt that the woiks at BuHalo aie, as a municipal 
undeLtaking, maintained ui a more satisfactory condition than would be 
the case if they weie in the hands of a coiitractoi 

The following financial repoit of the refuse soiting and utilisation 
plant for the year ending 30th June 1909 is of much inteiest — 


T\nLE XXXV 
Cliaigcs 


Pay loll 


$26,838 75 

Maintenance and ie[uits 


6,085 85 

Inteiest on bonds, $50,000 (cost of plantj 


2,000 00 

New equipment 


3,606 00 

Sales 

5,882 bales nevspapei =2,656,010 lbs 


$10,020 39 

13,865 ,, mixed papei =6,438,950 ,, 


20,187.38 

1,121 ,, Manila papei = 427,160 ,, 


2,880 23 

421 ,, lags = 195,392 ,, 


1,121 98 
580 43 

65 ,, floiu bags = 60,529 ,, 


58 ,, chaicoalbags = 16,895 ,, 


159 69 

IScaistms = 256,450 ,, 


503 90 

Sciapiion = 60,670 ,, 


60 00 

Old lubbers, etc 

19,552 beei bottles 


65 00 


196 62 

169,264 mi^ed ,, 


530 94 

967 half gallon bottles 


19 34 

4,453 ammonia ,, 

Bi ok en glass =20,000 lbs 


22 28 


20 00 

10 bales old shoes = 8,270 ,, 


28 16 


Total 

$36,395 24 

Deductions foi moistuie, etc 


21 90 

$36,373 3J 

Steam fuiinshed to Hambuig pumping station at 70 cents poi lioui 

2,802 63 

139,175 97 


Accounts receivable 

14,280 02 
36,373 34 

Total ^40,b53 36 

Montg^omery, Ala — A destructoT of the Heenan top-fed typo was 
completed heie eaily m 1911, the capacity of which is 60 tons pei 
24 hours 

Located about 150 feet only fiom the municipal waterworks 
jiumpmg station, it is hoped that it will be possible to fully utilise tlie 
steam available 

The destructoi may be desciibed as a 4~grate unit with drying 
lieaiths Tlie usual combustion chamber is piovided, also a water-tube 


Accounts outstanding July 1, 1909 
Sales foi tlie yeai ending June 30, 1910 
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boilci (^r 180 H V (Mpacily, fitted with a supevheatei of the Fo.stei type 
The cTii suppl^^ ioi* coml)ustioii is heated iii a legeiieiatoi and deliveied 
to tlie ashpits ]jy means ol; a centiiEugal tan, with the usual separate 
controlling level a for eatli ashpit 

The main Ilooi of the destiuctor building is about 15 ft below the 
level of the adjoining siieei, the loadway being earned thiough at this 
point on an oiubaiikineni , a budge connects the stieet with tlie upper 
flooi Ol tipping plattoun Upon ciossnig tins bridge tlie refuse veliicles 
enliu dnectly on to t1ie Lipping platform, and dump then contents into a 
stoiage hoppei ininiediately beneath 

From this liopper the lefuse ly raked into coutaineis, which aie 
airanged duectly over the chaigmo holes in the top of the fuiiiaces, 
immediately underneath aie the diying hearths at the back of the giates 
The capacity" oL tlio contaniei is about one cubic yard , the base of the 
containei is ai ranged to swing open, so that the contents may be dis- 
chaigecl on to the diymg liearth 

The ariangeiuents foi saving laboui in connection with the handling 
of the clinker are somewhat sinnlai to those aheady described in con- 
nection with tlie Milwaukee dostiuctoi Immediately upon being pulled 
out of tlic Euinae('s, tlie chnkei is dischaigcd thiough a slioot communi- 
cating dnectly with a tuiiiie] underneatli the clink ciing fiooi In this 
tunnel is a cliukei lailway, a cai standing uiidei a shoot When filled, 
the cai is drawn by moans of a cable uji an incline fiom the tunnel, and 
tlio clinker is automatically dumped into a chnkci crushei, aftei vvhicli 
it IS screened «iiid deposited m the stoiage bins, 

Tlie chimney is built of ladial brick, and is 100 ft in height and 4 ft 
internal diameter tluouglioiit 

San Francisco, Cal — About a yeai since, the contract was awardc'd 
for the election of two modern top-fed dostiuctois of the Ideenan 
type, but a desti ncLoi designed on the lines of the Fiyei destiuctoi 
was erected in Han Fiancisco by Mi Thackoiay, an English luigineei, 
some rourbvn y(‘ais ago, coinprisiug 82 huge cells This plant, which 
was operat(‘d by a company, was pailially desti eyed by tlie eaiilujuake 

in moo 

Home tin (HI yeaiH piioi to the election of the Thackei ay dcHtriictui 
in Hail Fiancisco, a 12-cell plant of tlie same type was elected by 
Ml ''riiackeiay in Monti eal, and this installation is still in opeiation 

After eonsidcnng tlu^ refuse disjiosal (question foi some years, the 
city authontic'S oi Han Fiuncisco invited tcndeis in June l!)l() to a very 
ehiboiatc, coinplcte, and stiiiigeiit specification, picpaiod by Mi Marsdeu 
Manson, the city Engmeei. 
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While it is ultimately intended to provide fuither destructors £oi the 
city, the specification in question provides foi the election of two 
destructors, each comprising two 4-grate units, and having a separate 
daily capacity of 120 tons These two installations will be known as 
the Noith Beacli and Islais Cieek destiuctors The building m connec- 
tion with the former installation is to be designed to contain two 
additional 4-giate units, which will be erected at a later date 

To some extent the design of the San Francisco destiuctois will 
follow the same general lines as the Milwaukee installation, but the use 
of ciude oil as fuel is to be arranged for, and two oil burners aie to bo 
piovided for each nnit 

In connection with each unit a water-tube boiler of not less than 
1700 sq ft of heating surface will be installed, together with a re- 
geneiator It is intended to fully utilise all tlie surplus steam aftei 
providing foi the requirements of the works The clinkei and ash will 
also be utilised, and clinker crushing and scieening plant will be installed, 
as also a tin baling press 

The ^equipment of the San Fiancisco destiuctors will be probably 
moie extensive and complete than that of any othei clestiuctor woiks 
either m Ameiica or Europe The guaiantees requiied and the con- 
ditions imposed aie exceedingly stringent, and the opeiatioii of the 
works will be watched with unusual interest 


AMERICAN FURNACES 

Geneially speaking, American furnaces may be divided into two 
classes — crematories and incmeratois , the former being lecommended for 
the disposal of garbage, while the lattei are intended to dispose of night 
soil and offal, in addition to garbage 

While it IS claimed that both types of furnaces are opeiated at a 
high temperature, and are fiee from nuisance, these claims aie not borne 
out 111 practice, and anyone at all conversant with the cardinal principles 
governing combustion would not anticipate any such woiking lesults 
For the most part the furnaces aie exceedingly ciude in design and 
constiuction, and present conditions which are absolutely opposed to 
those conditions which must obtain m oicler to ensuie satisfactoiy 
combustion 

In tlie bnining of garbage it is found that almost invariably the 
charges are far too heavy, while pielimmaiy drainage, winch is of vital 
importance, lias only recentty appealed to one or two makeis of American 
furnaces as being woitliy of a tiial 
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For the disposal o£ ecTch ton of garbage it is suggested that f 10111 
100 to 150 pounds of coal, 01 the e(|ui valent, must be burned, and it is 
claimed that gaibage containing 75 pei cent of moisture can then be 
dcstioyed without the emission of either smoke or noxious gases from 
the chimney In practice, it is found that much moie fuel is requiied, 
and the discliaige fiom the chiimiey is usually very offensive 

As contiacts aie usually awarded to those makers who quote the 
lowest tiguie pei ton of gaibage disposed of for fuel and laboui, it will 
be obvious that (1) the laboui cost can best be kept down hy charging 
tlie gaibage in laigo (juantities instead of its introduction in small and 
suitable charges, (2) that by pioceeding on the assumption that “ watei 
can be burned ” (which claim is made in these terms by more than one 
makei in then catalogues), the guaranteed cost of fuel per ton of garbage 
destroyed is kept at a much lowei fiouie than is reasonable 

While it IS tiuc that wood and sawdust — both containing much 
moistuie — are satisfactorily burned foi steam generation, and while it 
IS equally true that Bagasse is found to be a very useful fuel, the point 
to be obsei ved is that either of these fuels, although possessing a definite 
caloiific value, and usually containing far less moisture than garbage, 
would be of little, if any, service at all for steam genciation if burned 
under the same conditions as garbage 

As a inattei of fact, Bagasse is usually burned under far moie 
satisfactory conditions than obtain m connection with the average 
American furnace, while wood and sawdust would be utteily useless as 
fuels if burned under cieuratoiy conditions 

Garbage, which by no stretch of the imagination can be termed a 
fuel, IS compared with fuels of known composition and value , instead 
of being liuined under such conditions as would reduce nuisance to the 
nnmmiim, it is introduced m heavy charges, and dense volumes of heavy, 
ob)ectionable gases are distilled 

In then passage to the cliimney, these gases are caused to travel 
ovei the coal oi other fiie 01 fires, which are termed '‘stench fires” or 
“ fume cvem.itois ” These fires, with their small grate area, can obviously 
have no appreciable beneficial deodorising effect upon the great volume 
of objectionable low-temperature gases passing ovei the top of the fiie 
at a considei able velocity 

Twenty years since in England, when firme cremators burning coke 
were introduced 111 comicctron with the eaily low-tcmpciatuie destiuctors, 
it was cleaily shown that this provision was of very doubtful value, 
even wlien buining mixed refuse containing 33 per cent of moisture 
Garbage will never be satisfactorily burned unless mixed witli other 
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refuse in suitable propoitions as at Milwaukee, and until it is clearly 
recognised that a high temperature must be maintained in the furnace 
and 111 a suitable combustion chamber If this is done, “ stench hres ” 
and ‘'fume cremators” are not required It will be found tliat coiii- 
paiatively small, regular, and fixed charges aie essential , and while, to 
some extent, this method of operation will inciease the cost of opeiation, 
it will be amply compensated fot by (1) the fact that no coal or other 
fuel IS required, and (2) the entire absence of nuisance from the cliimney 

Wliether oi not ashes will be requiied in addition to rubbish to burn 
with the gaibage must obviously depend upon the peicentage of rubbish 
available At Milwaukee, Mi Gieeley has found that 20 pei cent of ashes 
give a satisfactory lesiilt, but it must be borne in mind that Mi Greeley 
has endeavoured to dispose of a very high percentage of gaibage 

To those engineeis who have closely followed the design and ex- 
ploitation of Ameiican furnaces, it is not sui prising to find that at the 
present tune the competition is limited to a veiy few, the principal of 
winch aie the Dixon Engineeiing and Consti notion Company, Messis 
Lewis & Kitchen, tlie Public Works Engineering Company, and the 
Decaiie Manufacturiiig Company The Dixon Engineering and Constiiic- 
tion Company, who for many yeais past have been engaged in the design 
and installation of crematories and incinerators, have lecently designed 
a top-fed destiuctoi ot the steel-cased type, lined with fiiebiick The 
chaiging platform is constiucted either in steel or conciete The gaibage 
IS chaiged into hoppeis at the top of tlie furnace and falls into a drying 
and storage compartment On both sides of this compartment or 
chamber is a cast-iron flue, throng li which hot gases pass, the object 
being to dry the stored garbage 

The drying and storage chambei is separated from the destructor 
propel by a firebrick arch In this firebiick arch are charging holes, 
witli cast-lion covers lined with firebrick The coveis are raised by 
means of a chain hoist, and when it is desired to charge the destructoi 
grates below, the covers are raised, tlie garbage falling on to the 
destructoi grates, which are of the American shaking type Undei 
these giates forced draught is supplied, steam-jet bloweis being used for 
this purpose Ashes and combustible waste are chaiged diiect on to 
the destructor grates 

Messrs Lewis & Kitchen, who have been closelj’^ identified with the 
design and erection of crematories and mcineiatois foi seveial years, 
have, during the past year, erected a plant for the city of Topeka, 
Kansas, which embodies some unusual features m ciematoij?' design 
In fig 86, sectional views of this installation are shown, which, however, 



UNITED STATES AND CANADIAN PRACTICE 22 5 

do not show tlie eliaroing devices whicli have been introduced in 
connection with this instalhition 

Tlie Topeka ciematory consists of two iuinaces, with contaiunio 
building, inclined approach road, dischaiging platfoim, stoiage bins, 
and chimney The two furnaces have a rated capacity of 60 tons pei 
24 liouis, and tlie storage bins aic designed to contain 40 tons of 
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process is completed The whole volume of gases pass iiom the left- 
hand furnace through the right-hand furnace, in then tiavel being 
deflected down upon the drying hearth in the iight-hand furnace 

The main storage bins at Topeka aie constructed of reinforced concrete, 
and are provided with drams to carry away lujuid direct to the sewer 










Fig, S8 — ^Topeka (Kansas, USA) Crematoiy Tipping flooi 


No data is yet available as to the operating cost of the ciematory at 
Topeka Embodying some unusual features in design, its recoid will be 
watched with much interest 

Fig 87 IS a view of the crematoiy and the stoking floor It will be 
observed that the furnaces are cased m corrugated steel, wlncli is niteiicled 
to pi event the infiltration of air tlirough the joints in the biickwoik 

The platform on top of the furnaces, as also the coveis piovided for 
the feeding hoppers, are illustrated m flg 88, in which is also shown the 
tiolley truck and chain block, as arranged foi the lifting of the feeding- 
hopper covers 

Portland, Ore — The incineiator here was elected during 1910 by the 
Public Works Engineering Company of Portland, Ore , under the patents 






Fig 89 — The “Fiedsmith” Inciueiatoi at Poitland (Oie ) Sections 
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of Ml Fred P Smith, and, as will be obseived upon reteience to tlic 
accompanying sectional illustiations, tigs 89 and 90, m geneial design 
it IS to a laige extent based upon the best British piactice 

The plant is arianged in two independent units of four giates each, 
the total giate area m each unit being 144 sq ft Each of the foui grates 
is provided with two ashpits , thus each unit has eight ashpits, and each 
grate section is 6 ft long by 3 ft wide 

While embodying the best features of Biitish designs, the main 
depaiture from Biitish practice is found in the piovision of lefuse 
containers oi drying chainbeis above the grates, each drying chambei 
fit its base being exposed to the action of the hre beneath 

Four fans are installed, two of which supply aii undei pressure to 
the sixteen ashjiits in the two units, while the other two fans are for 
ventilation of the storage bins and building 

The ashpits aie arianged foi the cooling of clinker by means of the 
foiced-diaught air supply, after cooling, the clinker is dropped through 
a tiap-door into a steel cai foi lenioval 

Each unit is provided with a Babcock & Wilcox boilei of 100 HP 
capacity, working at 50 pounds pressure, the steam is utilised for 
heatino and foi the fan engines 

o o 

The woiks are appioached hy a remfoiced conciete viaduct, 400 ft 
long and 18 ft wide, siippoited on conciete piers, and the vehicles enter 
the building tlirough the weighing -looin direct on to the dumping floor 
above the stoiage hoppeis On the dumping floor are sixteen chaigiiig 
openings, communicating direct with the drying chambers above the giates, 
four chaiging openings foi boxes and diy refuse, and four charging 
holes communicating with the storage hoppers on the flooi beneath 

The stoiage hoppeis or bins are of conciete construction, with sheet- 
non doors, and communicate direct with the furnaces 

The building is of reinforced concrete with brick cui tain walls and 
leinforced concrete flooi s, the roof being of vitrified tiles carried on steel 
trusses The chimney, winch is 162 ft in height, is built of ladial 
blocks and lined with fiiebiicks 

The opeiating cost of the plant pei ton of refuse destioyed over a 
period of six months is given as follows — 


50 to 

65 tons daily 

?^0 60 per ton 

65 „ 

80 „ 

55 „ 

80 „ 

90 „ .. 

52 , 

95 „ 

100 „ „ 

48 „ „ 

110 „ 

125 „ 

50 „ „ 

125 .. 

150 „ „ 

52 „ „ 
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The following figures refei to a test made on January 23, 1911 


Refuse Destioyed 

Mania e 
Garbage 
Boxes and Papei 
One hoise 


58,645 pounds 
146,965 „ 

15,330 „ 

1,290 


Details of Opeiating Cost 


7 men at $3 $21 00 

2 „ at $4 8 00 

3 1 tons coal at |6 25 23 44 

li cords gieeu slab wood at $“3 00 4 50 


Total . $56 94 


On the above basis the cost pei ton to destroy 110^ tons was 50^ 
cents. 

The Decarie Manufacturing Company have erected a numbei of 
garbage ciematoiies, all of which are steel-cased and water-jacketecl, 
although differing somewhat in detail and construction The grates are 
made up of steel pipes with headers, and a constant circulation of watei 
IS maintained The grates are arranged in basket form on either side 
of the mcmeratoi, which is charged from the top, a very consideiahle 
numbei of stoking and inspection holes are piovided on all foui sides of 
the incinerator It is said that an incineiator and fume ciematoi of 
50 tons daily capacity has no less than 40 doors or openings 

The conditions presented for combustion in connection with tins 
crematory cannot be regaided as satisfactoiy the burning of garbage 
in a furnace presenting such a large aiea of cooling surface presents 
difficulties which it is idle to minimise or endeavoui to explain away 
The author inspected the Decarie ciematory at Minneapolis, Minn, 
early in 1911, and there found just those conditions which one would 
anticipate quantities of gaibage weie being charged in at the toji of 
the furnace, while an examination of the inteiioi through the stoking 
and inspection doois failed to reveal any evidence of a temperature of 
even S00°Fahr at any point, while deuse volumes of heavy gases weie 
being discharged fiom the chimnej" 

On a hoiizontal giate, beneath the watei-cuculatmg^ giates, small 
coal was being burned, but no information was available as to the 
weight of fuel burned daily Tins fuel, owmg to the location of the 
grate, was being burned under very unsatisfactoiy conditions 

It was said that 300 H P pei houi was available from the ci ematory, 
but the plant which the authoi saw at the woiks would not exceed 
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r^O IfP 111 tJu' ao^icgaie, inclucliag t\vo small gonerating setb, and a 
lioiiznntal i^iiginc used loi dinaiig an induced-draught fan 

Accoidiiig to th(‘ lepoit of the gaibage dopaitinent foi the yeai 1909, 
l9,(S/() tons ()t‘ garbage woio collected, while the net operating cost of the 
iiicineiatoi, alter deducting a revenue of 3^5973 79 foi euiront, and steam 
aiipphod i'oi heating, was Jtl^I(>,3l5 17, or just over 82 cents pei ton of 
gai b<Lgc dcsti oyed 

the accompanying icpoit of the gaibage clepaitment gives some 
iiitciesting details, althougli the costs pei ton for laboui and coal, hgiiics 
of vital importance, aie omitted The average weiglit of gaibage dealt 
witli daily is about (>{) tons 

Taiilk \XXVI— city of MINNEAPOLIS, MINN 
llcipoiL of Cnuhago Dopaitinent, 1909 . 
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L500 
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[ 

U34 

139G| 1831 ' 2051 

2236 

2132 

17S4 

15^.b 

1370 

10,870 

Numboi of tons of 
aRlu's ool looted 

inio 

13101 HIO 

I 

1338 

016 ! 04 184 

58 

40 

05 i 

1518 

23G8 

11,816 

Numboi of dead 
hoiHtJs icinovod 

42 

50 [ 


3 1 114 

40 

37 

42 

34 

18 

423 

Numlnn of dead cows 
icniovod 

2 

2 j 

1 

1 

1 1 7 

1 

1 

4 

I 

1 

2 

20 

Nuinbtn of dogH 
removed 

' 

1 

1 

1 

] 32 117 

J8 

2 

10 

J 

‘ 20 

298 

Nambcii of othoi 
ttuniiuls lonioved 

;}3 

4 1 30 

1 

38 

1 .i 4 

! 1 . i 

18 

1 

32 

1 

28 

1 

199 

tJolleetioi) of gall) igo por eupUa 
(Jolleetion of aslioH ])ci ia])itti 

Total colldction gaibagu and nslios por capita 

CohL i)er capita to oollooL gaibago and ualiCB 

CohL pQi cai>ita to (Iirijoso of gaibago 

Oo^t pel cupila to collect and dispose of gaibago and aalios 
Cost pni ton to eollnct gaibago and aslioB 


132 ponndb 

78 „ 

>’ 

t (17 

1 195 
•I. 21 



At MinneapoliH two separate cicinatories are installed, arianged end 
to end, wliile between tlic two fiu'naces a Wicks water-tube boilei is set, 
the gaacvS enter the boiloi seUinga at both sides, while a coaJ-finng giatc 
is also provided at the front of the boiler The two creinatoiics aie 
provided with bye-pass flues, so that the gases may tiavcl diiecl to the 
chnnuey when so desired 
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111 Septembei 1908 Colonel W F Morse compiled a chronological 
list of Ameiicaii furnaces erected fiom 1885 up to that time, which 
shows that out of 180 furnaces erected during this period of twentj^- 
three yeais, no less than 102 had been dismantled or abandoned 

There could perhaps be no moie conclusive evidence as to the 
inefficiency of Ameiican furnaces than this lecord 

Foi purposes of compaiison it may be obseived that since 1876, when 
the fiist destructoi cells weie erected in Manchester (England) up to this 



Fi(, 91 — An abandoned Gaibage Ciematory lu the Soutliein States 


time, less than one dozen furnaces have been abandoned, and ni nearly 
every case these have been replaced by up-to-date destructors 

Fig 91 IS a view of an abandoned Ameiican crematory in one of the 
Southern States 


THE REDUCTION OF GARBAGE 

On the whole, the history of garbage destruction in the United 
States IS no more satisfactory than is the history of ciematoiies and 
mcineratois Intioduced in 1886 from Vienna by Mr H A Fleischinan, 
reduction works have been erected in 01 near to many laige cities, in 
almost eveiy case by a company who ha\e contracted with the 
mnmcipaliby to take the garbage foi a term of yeais with an annual 
subsidy 
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Accorclnig to atatistics collected by Colonel W F Moise, some lorty- 
iive reduction woiks had been elected, 01 weic in couise of election, up 
to Septenibci 1908, covering a peiiod of Weiity-two years Out of this 
number nearly one-half wei e uo longer in use at that time 

Ml H do B Parsons, in a paper lead before the Society oi Chemical 
Industry, New Yoik, in Maich 1908, thus sols lorth the advantages and 
disadvantages of 1 eduction — 

“ Advtintages 

“ i Tlie organic ol putiescible matter in the gaibage is converted 
into grease and tankage, winch aie liarinless 

“ 2 It saves comjioneiits which have a comineicial value 
, “ 3 With a piopeily designed and carefully woikcd plant the process 
need not be a nuisance 

'' Disad vantages 

“ 1 Expensive maclnneiy and apparatus, with large costs £01 lenewals 
and repan s 

“ 2 The oftensive odours which are apt to be given oil* leqiure expense 
to prevent an anno37ancc 

As tlic works have to he situated sonic distance fioin the city, 
liaulage is an iinpoitant factor 

"'4 Skilled labour is leciiiiied, and Uieic is some danger from strikes 

“ 5 '’Pho gaibage must be separatelj^ collected Tlieie will alwaj^s be 
some foreign material, tin cans and tlie like, wliicli ie((Uiio to be sorted 
out at the woiks 

“ 6 TJicie IS usually but one plant, as a number of small plants would 
not pay ''Phe whole sjT'stem, therefore, would be ciippled by lire, or by 
any otliei cause that would stop the plant 

“ 7 The process pi ovules foi the gaibage only, leaving tlie remaining 
refuse to be treated oblmiwise ” 

The best known reduction systemH ai’e the Arnold, using hvo steam 
foi cooking, and Uie Morz and Siinomu processes, in connection with 
which a solvent such as naphtha or bon:?:inc is used 

Tho lecoveied grease averages about 3 per cent., or 60 pounds pei ton 
of garbage, and finds a ready market at a piico varying fioni 2 to cents 
per pound, hence the value of the grease and oil pei ton of garbage 
treated will vaiy from |1.50 to $2 40 The crude matoiial is refined 
by the pin chasers, its chief constituents being glycerine, steaiine, and 
red oil, 

Tlie iankago 01 solid fibious residual, averaging about 9 per cent by 
weight when di led and ground, IS daik brown in colour, and should be 
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practically odourless This, which is said to sell fieely, is used as a base 
for commercial feitihseis , the price, which is variable, is based upon the 
units ” of aninionia contained 

It IS useless to disguise the fact that the pi’ocess of i eduction is a 
l^ajung process 5 and for dealing with laige quantities of gaibage alone, 
there is no process j^et devised which is capable of yielding anything 
like the same revenue 

At the same time it must be home in mind that the cost of the 
necessaiy plant is so heavy as to lestrict the use of the system to the 
larger cities and toA^ms It is open to serious question whethei a profit 
can be shown on less than 80 tons of garbage daily 

The lecord of garbage i eduction in the United States would have 
been far more satisfactory had it not been regarded mainly as a business 
ventuie, promising a handsome return on capital invested 

When contracts are made for periods of five or ten years it is perfectly 
obvious that the only sound business policy for any i eduction company 
is to ensure, as fai as possible, that the capital expended shall be recouped 
with a leasonable profit 

Undei such circumstances a i eduction company go into business 
without any legaid foi a sanitary ideal , they are meiely concerned with 
the problem of making the business pay, hence it is that capital ex- 
penditure IS cut down to the minimum, aud that improvements, having 
for their object the pievention of nuisance, are not adopted Everything 
IS saciiBced in the determination to make large piofits, and to make 
them quickly 

The laigest gaihage reduction works in the United States is at Bairen 
Island, and is ownaed by the New Yoik Sanitary Utilisation Company 
At these works, during the year 1909, 332,045 loads of New Yoik and 
Brooklyn garbage were treated Having been towed to the Barren 
Island works, the garbage is forked on to an outboaid conveyoi’, and is 
then conveyed to the second story of the works and passes thiough 
shoots to the digesters Its i eduction is then accomplished bj^ the 
Arnold Egerton process, which is performed by mechanical means TJie 
digesteis are large tanks, holding appioxiraately 8 tons Wiien filled, 
they are sealed by a cap held in position by bolts Steam is introduced 
into the digesteis at SO pounds pressme, and the mass is cooked foi a 
period wliicli is defcei mined by its composition, winch vanes fiom season 
to season The vapoiii escajung through the vent is condensed by a jet 
coudensei, and thence passes to a sewei 

Fiom the digester the material, which i'^ now a pulpy mass, is removed 
to a tank, which lias a capacitj" equal to that of four digesteis, foi tlie 
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puiposo of facilitating the woik Fiom these tanks it is lun into foims 
made of sacking and lacks, and there put under a liydiaulic press , 
pi assure is then applied, and tlie water and giease are thus lemoved 

The water and grease next pass into a peiEoiated trough, and thence 
by pipes to a settling basin, where by flotation the giease is separated, 
and then removed and ban oiled The residue from the hydraulic press, 
which IS known as tanlcage, is carried by a conveyor to a direct heat 
dr^^er, wlieie the lemaining moisture is driven ofi’ and fioin the dryei 
passes oil to a sciecii, where the mateiial is giound and screened From 
this screen the mateiial falls tlirougli shoots into hoppeis, and is then 
put into sacks leady foi shipment 

The aveiage New York and Brooklyn garbage, as leceived at the 
Barren Island works, eoutains — watei 71 per cent, rubbish 6 per cent, 
tankage 20 poi cent, and grease 3 per cent The giease is of a low 
grade, dark biown in coloui, and is laigely used in the inaniifactuie of 
soap and candles, the gi eater portion being shipped abioad The 
tankage, which is sold as a t'eitihser base, contains small peicentages of 
nitrogen, ammonia, phosphoric acid, and potash. The residual liquor 
fioin tlie giease basins is of no value, containing but a veiy small 
percentage of ammonia 

That the garbage of Now Yoik is of considerable value to tlie 
Samtaiy Ut]lisatiun Company will be clcai from the following estimate ^ 
of receipts and expenditure during the yoai 1908 — 


Uoceipfcs 


Grease, 3 per cent of total garbage, 9859 tons, at $60 
Tankage, used for fortilisoi, 65,729 tons at $5 

Cash 1‘rom Department of Street Cleaning 

$591,540 

328,646 

192,444 

1'otal Receipts 

$1,112,630 

Dislmi, semen ts 


Transportation fiom docks to works, by scows, 
328,646 tons, at 1 2c per ton 
[Iiiloading, 5c per ton 

Coal, 22c per ton of gieen gaibage icducod 

Labour, 1 4c per ton 

Repaiia and aupphos, 5 per cent 

Doptcciation, 10 per cent 

Adimmstration and legal expenses 

Balance, gross piofit 

$39,437 52 
16,432 30 

72.800 00 

46.800 00 
50,000 00 

100,000 00 
225,50000 
561,660 18 

Total 

$1,112,630 00 


^ Fiimi Tka Unnioipal Journal ttnd JUngincGi ^ Niw Yoilc 
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The capital stock of the company is Si, 300, 000, for a 6 per cent 
dividend $78,000 would be requiiecl The sum of $192,444 paid by the 
Department of Stieet Cleaning is also included in the gross profit as 
stated above The net value of the garbage delivered at the docks in 
1908 was thus $369,216, 01 , if dividends aie deducted, $291,216 

In order to fully understand these iiguies, some further infoiinatioii 
legardino the items follows — 

Tons — A caitload is assumed to weigh 1 ton This estimate was 
confirmed by exhaustive tests made by Messis Faisons, Heiing, and 
Wliineiy m connection with a repoit to the board of Aldermen, dated 
December 31, 1907. The uumbei ot cartloads delivered by the city at 
the docks to the company ni 1908 was 328,646 

Grease and Tankage — The peiceutage of giease recovered fiom 
New York garbage by the process employed has been lepoited to be 3 
per cent The average piice foi giease m 1908 was $60 per ton The 
tankage, winch is used for mauufactuimg feitilisers, has been stated to 
be 20 per cent , and its value is put at $5 per ton 

Transportation. — The estimate of 12 cents pei ton foi transportation 
by scows is based on the city’s contract foi disposing of aslies and lubbisli 
in a somewhat similar manner The puce which it pays for this is 17 
cents for transporting and unloading, but the natuie of the work is 
considerably moie expensive than that involved in the handling of 
garbage The following estimate of cost of unloading alone is submitted 
The average scow car lies 300 tons Ten men at $1 50 per day easily 
unload one scow in a day, making the cost 5 cents per ton 

Coal. — The total annual consumption of coal at the reduction plant is 
reported to be 18,200 tons, estimated to cost $4 pei ton, or $72,800 = 22 
cents per ton of garbage 

Labour — The estimate of labour is obtained from observation The 
average number of men employed is about 70 The average weekly pa}’' 
roll is $900 , the annual pay roll $46,800, making the labour cost pei ton 
of gieen garbage handled 14 cents 

Repairs and Supplies — The figure of $50,000 is assumed aihitranly 
Depreciation, — ^The value of tlie plant is assumed to be within 
$300,000 of the capitalisation of the company, and 10 pei cent is allowed 
for depreciation, permitting renewal eveiy ten years The allowance for 
depreciation is $100,000 

Administration and Legal Expenses —These aie assumed to be 
$225,000 

Interest or Dividend — Tins is figured at 6 per cent on the 
capitalisation of $1,300,000 Tlie jirofits over and above the amount 
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paid by tlie city appeal to be $20,121,018, 01 22 pci cent on the 
capital stock 

Regal ding tlie cost to the city of collecting tlie garliage and delivering 
it to the company at the docks, the following figuies aie repoited for 
1908 — 


Boioiighs 

CaitloafK 

Cdsl iiei Loud 

Manhattan 

195,430 

$1 32 

Brooklyn 

27,839 

143 

Bronx 

1 05,368 

1 18 


328,646 



The sums paid by each boi ongli to tlie comjiany under the teims of 
the conti’act for disposing oL' the giuliage iiftei doliveiy arc as follows — 

Manhattai i $1 48,000 

Brooklyn 19,444 

Bi oux 25,000 

$192,444 

Idiere aic signs tluit gaihage reduction will be undeitaken b}’' 
municipal authorities to some considciable CKtent within the next few 
years Up to the present time two cities only aie opeiating reduction 
plants, and in both cases the icsults obtained aie such as to encom age 
the hope that this Avoik will, m tlie near futures be taken in hand by the 
municipalities in their capacity as sanitary aiithoiities 

llie first city to operate a 1 eduction woiks was the city of Cleveland, 

( )liio Prioi to 1905 the gaibago of this city was removed uiidei a piivate 
contract with the Nowlmigh Reduction Company, at a cost to the city 
of $(59,400 pel yeai On January 1, 1905, the city purchased the 
reduction works and collection iKiuipmcnt from the Newburgh Company 
lor $87,500, and without any loss of time attention was directed to tlie 
eNiteusiou and improvement of tlie works, wlncli, in spite of considerable 
capital expenditure, are an established success, sliowing a small net pi ofit 
after meeting all capital and standing cliargcs 

Encouraged by the lo.sulis obtained at Cleveland, and failing to 
obtain satisfactoiy bids for the disposal of thou gaibage, tlie city of 
Columbus, Olno,-— one of the most progressive municipalities in the 
United States,— decidi‘d to design and oicct a reduction plant By 
the courtesy of Mr Irwin S. Osborn, Engincei in charge of refuse 
disposal foi tlie city of Columbus, the autlioi was privileged to inspect 
the leduction works in this city early in 1911 Mi Osboin, who was 
responsible for the design and equipment of the woiks, and who now 
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superintends the operation of tlie same, has kindly fuinished tlie following 
veiy complete desciiption — 

“ On July 20, 1910, the city of Columbus, Ohio, staited the operation 
of tlie fiist 1 eduction plant designed and constiucted by a municipality 
for the disposal of gaibage The inajorit}^ of the larger cities in tlie 
United States dispose of their gaibage by the reduction process under 
contract with private eoinpanies The only other garbage reduction 
plant owned and opeiated by a municipality was pui chased by tlie city 
of Cleveland, Ohio, 111 1905, from the Newburgh Reduction Company, 
which foimerlj^ had disposed of the city’s garbage by contract 

“ The 1 eduction of gaibage has, in most cases, proved successful wlien 
coiisideied fiom a commercial standpoint, although failures in tins 
method of disposal have oceiiried as well as m other methods of disposal, 
due usually to faulty design or the lack of propei attention and manage- 
ment From a sanitary standpoint the 1 eduction of garbage has been 
looked upon as being very undesiiable, due laigely to the mannei in 
which the plants have been constructed and operated This will continue 
to be the case so long as cities contract for the disposal for a short teim 
of years The conti actor cannot then afford to install a plant except at 
a small first cost, with little attention being paid to the design fiom a 
sanitary standpoint Undei contract, the work is consideied chiefly from 
a commercial standpoint, whicli consists in obtaining the largest re- 
muneiation possible at the least cost 

“ Previous to April 1906 the city of Columbus contracted foi the 
collection and disposal of garbage Tlie contract has pioved very un- 
satisfactory m legard to the poor collection seivice, and the nuisance 
caused by the odouis fiom the reduction plant The plant was one of 
the early types, and constructed at a small first cost, with little regaicl 
for the sanitary features, because the small amount paid the conti actor 
w^as not sufficient to even pay for the cost of collection At the expira- 
tion of the contract in April 1906 the city installed a municipal collection 
system and disposed of tlie garbage by buiymg it on what is known as 
the English farm This was owned by the city, and is located about one 
mile southwest of the city limits 

“ Aftei making an extensive study of the gaibage 23rob]em of tlie city, 
at the expiration of the contiact, bonds weie issued amounting to 
$290,000 to cover the cost of a disposal plant and new collection equip- 
ment The first plan was to contract foi a ciematoi}?- and dispose of all 
garbage and refuse by mcineiation Befoie the plan was carried out a 
change of administration took place, and the newly elected officials 
decided to contract foi a complete 1 eduction plant, so as to obtain hyc~ 
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proclucls fiom tlie gailm^e wlucli would yield returns tliat could be 
applied to the cost oi disposal Alter adveitising twice witlioiit receiv- 



ing satiafactoty bids, the city decided to design the plant and contiact 
t'oT the several parts separately. By tins plan they were able to accept 


Fig 92 —City of Columbus (Ohio) Gaibage Reduction Woiks, of buildings and chiinney 
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such uiachinei}^ and equipment as had proved most satisfactory, and at 
the same time not be dependent on any one paiticular patented piocess 
“In designing the Columbus plant, the fiist object was to make it as 
sanitaiy and free from undesirable features as jiossible, and at the same 
time make the appearance of the buildings and general design agree 
favourably with other municijial impiovements The plant was designed 
with a capacity for disposing of 80 tons of garbage in twelve hoius, 01 a 
total capacity of 1(50 tons pei day with the plant opeiating continuously 



Fig 93 —Gaibage Collectiou Wagou, City of Columbus (Ohio) 


The total capacity of the plant is sufficient to take caie of the futiue 
growth of the city for twenty years The capacity is about double the 
amount of garbage being collected at the present time, so that as the 
city giow^s the plant will be opeiated with a laigei staff and moie houis 
pel day 

“The garbage is collected m wagons wliicli liave water-tight steel 
bodies and sectional canvas coveis The gaibage is liauled to a cential 
loading station located on the Hocking Valle}?^ Railioad neai Mound 
Stieet The loading station consists of a building 40 ft wide by 90 tt long, 
with a railway track extending thiough the building There is 100 m for 
two garbage cars inside the bnildiiig wlien the laige track doors aie closed 
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“The cars ai'e constructed with .sciniciicular boclioa especially foi 
handling garbage The body is on tunmions, so as to allow it to be 
turned when unloading Tlie cais ai e foui in numbei and have a 
capacity of 1400 cubic ft or 40 tons each Two cars are at the loading 
station while the other two arc at the 1 eduction plant 

“The wagons are diawii up an inclined driveway on to the second 
floor of tlie loading station, and means of a power hoist the front end 


Kio 1 ) 1 -City «)1 Oolumbiis (Oliio) Oai huge Loiiding Stutio]i 

of the wagon body is elevated, discliarging the gaibagc out at the roar 
end into the garliage cais below All work at tlie loading .station is 
caiiH'd on inside tlio building, so as not to cause any complaint from the 
suriounding community on account ol uiiaighlly appearance or odours 
^riie collection wagons aio 84 an number, with an average o( 25 in 
i(‘giilar acnvice. Adjoining the loading station are the stables foi the 
collection department, which liavo a capacity foi stabling 100 liorses 
Tlie oflices of the collection department, and lockeia and bathrooms foi the 
men, liavo boon placed on the second flooi* of the stable 

“ Between seven and eiglit o’clock oacli evoinno the day’s collection is 
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delivered at fclie reduction plant by the Hocking Valley Railroad 
Oomjianj^, and the empty cais, after being thoionghly cleaned; aie 
returned to the loading station 

“The reduction plant is located about four miles south of the centie 
of the city, on the Scioto river, and near the sewage puiiiication woiks 
The railroad tiacks at the plant are on top of the levee which suriouiids 
the buildino site, and about 10 ft above the giound-level of the buildings 



Fig 95.— City of Columbus (Ohio) Gaibage Reduction Works, view of Digesteis — 
capacity 10 to 11 tons each 


This elevation allows all material coming to the plant to be discliai ged 
from the cais by gravity The coal is discliaiged fiom side 01 bottom 
dump cars into a storage bin in front of tlie boileis 

‘'At the plant there are four buildings the main building, which is 
162 ft long by 76 ft wide, the gieen gaibage building, 90 ft long bj?- 
40 ft wide, a small office building, and a stable The garbage wlien 
deliveied at tlie plant is weighed on lailway tiack scales, and then run 
into the green gaibage building on a siding which extends tliiough it 
The body of the car is then tumed on trunnions by meaiia of powei 
lioists and the contents of the cai dischaiged on to the iiooi below Tlie 
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freewafcei ih cljumcd off tluougli a guttev oxteiiding tho full length of 
the building and covei-ed with perlorated plates The swill water fioin 
the gutter is diained into a catcdi basin, from which it i& dischai-oed into 


SiS'isMi I 


m 


iHMili 






l^Ki, no. “Oil,y of Cohiuibua (OIiid) (biibago liGrliioUon Works Gioaso-sojiuLiatiiig loom 


Die (‘asu-Hcpaiaiuig tanks, aftoi winch it is o\’^aporatc(l Tho gaibage 
19 901 tod and shovelled into a 24-in. sciaper conveyor winch evic^nds the 
lull length of tlie green gaibage building Oonnccting this building 
witb the mam budding is an incline truss wlucli cairies tiie conveyor to 
the top of the mam building, and tlien alonp the boH.om o(^v^^ of >*nni‘ 
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trusses and over the tops of the digesters Connecting the conve 3 ’'oi 
witli the digesters aie swivel spouts winch dischaige the gaibage 
diiectly into the digesteis 

“ The digesters are eight in number Eacli digester is 7 ft in diameter 
by 14 ft long, constiucted of flanged steel ] in in tlnckness, and having 
a capacity of 10 to 12 tons of gaibage The inside is lined with cement 
and tile 1] in thick, so as to piotect the digestei fiom wear, due to the 



Fn ot Ooluml)as (Ohio) Garbage Reduction Woikb, iiew of Digestei Mooi, 

shoi\ mg charging spout 


agitating of the gutty mateiial when boiling, and at the same time to 
lesi'tjt the action of the acid which would attack the metal At the top 
of each digester is an 18-iu diametei cast-iion inlet dooi and frame, and 
on the bottom is a IG-in flanged outlet foi attaching the discharge valve 
The outlet castings aie tapped on tlie opposite sides for pipe connections 
through which live steam is admitted foi cooking The steam is turned 
into both connections at the same time , and as the discliaige from the 
steam nozzles comes togethei, the steam spreads and circulates through 
tlie mass The top of each digester is connected hy a brass vent pipe to 
a condenser When cooking, the steam is allowed to escape thiough a 
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J-in bye-pa&s so as to ensure against the digester hecoiunig au -bound, and 
thus pi event the steam from cnteiing The digcsteis are ai ranged m 
nests of foui, and aie connected to a common leceivmg hoppei by a large 
gate valve and nozzle on tlie bottom ot cacJi digester When cooked, 
the garbage is discharged tlnougli tlie large valve into the leceiving 
liopper, winch is diiectl}^ connected to the roller press The four 
digesters, one receiving hoppei, and a lollei press aie called one unit 



98 —City ol Colunibub (Ohio) Gaibiigu RuclucLiou ^Yolkb, view ol tuplo c(DcL EvaiKnatoib 

“The vapours which arise iioiu the mass when dropped into the 
icceiving hopper are conducted liy a vent line to a coiidensei, winch, 
with the condcnseis for the digesters, is connected to a vapour -tight steel 
hot well Any odours that are carried by the gases and not taken up in 
the condensers are trapped 111 the hot well and then passed hy a vent 
line to the boilci furnaces 

“The time iecj[uiied in cooking vanes with the quality of garbage, 
but averao*es about 6 hours with the steam, at from CO to 70 lbs gauge 
pressure as it enters the digester 

“ The presses, which are connected to the receiving hopper, aie of the 
coiitinuous-i oiler type, and weic designed by Mr Cliailes Edgeitoii 
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especially for handling gaibage They are consti acted throughout of 
cast non, wi ought steel, and cast steel, with renewable wearing strips, 
take-up boxes, and cleaning bi ashes Each pi ess is enclosed in a vapoui- 
tiglit cast-lion housing, appi oxiinatel^^- 28 ft long, 3 ft wide, and 7 ft 
liigh Tlie pi esses aie diiectly connected to the bottom of the receiving 
hoppeis, so that the material fiom digesteis passes thiough the pre>ss 
befoie being exposed The pi ess is piovided witli an upper and lowei 



Fig 99 —City of Columbus (Ohio) Gaibage Reduction Works, view of Rollei Piesses 


conveying api on The upper apron is made up of i-m steel slats 11 veted 
to a heavy forged steel chain The upper apion acts as the bottom ot 
tlie receiving hopper, and when the press is running cariies the material 
through the feeding I'olls and chschaiges it on to the lower apion The 
lower apron is composed of perforated slats J in in thickness, riveted 
to a forged steel chain of the same character as that used in the upper 
apron The lower apron passes through between six cast -11 on rolls, 
arranged in pairs The loUs aie 28 m m diametei and aie conti oiled 
by heavy steel spungs so that they may be legulated to any desired 
piessuie, depending on the quantity of mateiial to be passed thiough 
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“The piesaccl matericil is clischai ged at Uie iiont of the pi ess into a 
scraper conveyoi, which canies it to the second ilooi of the drying 
depaitment The press is diiven hy a belt from a counter-shaft, whicli 
in turn is diiven by a 7 ^ HP motor, diiectly connected by spin geai 
The piessing lolls aie diiven b}^ chains, and tlie press coiifotiucted so that 
one apion 01 both can be opeiated at the same time On the feeding 
loll is a safety device to protect the press should any foieign substance 
get at the back of the loll winch is too laige to pass tlnough 01 too haid 
to bo crushed hy the rolls The pi css can be reveised so as to leniove 
any mateiial it dcsiied fioiii under the rolls 

“The watci and gioase How back from the jiress Lhiough a coveied 
conduit to the catch-basius in the giease-scpaiating looin. The catch- 
basins are below the lIooi, and in the bottom of eacli is a small centrifuoal 
pump, which IS driven by a vertical motoi The watei and gicase aie 
pumped from the settling basins into a batteiy of tanks, wheie the 
giease is sepaiated by giavity Idie sepaiating tanks are six mnuiubei, 
and connected in senes by an 8-111 by L 2 -m opening near the top The 
grease using in the fiist tank oveillovVvS into the second, and fiom the 
second to the third, and so on thioiigli all the tanks, with the laigest 
amount of gicase collected in the sixth tank, from which it is diawu off 
by means of a pipe lino into one of two treating tanks Each tank is 
7 ft in diametoi and 12 ft long, and coiistiiicied with a Hat top and cone 
bottom 

“The grease diawn off fiom the sepaiating tanks is heated up in the 
ti eating tanks 111 order to sepaiate the impuutics, and then pumped into 
stoiage tanks leady foi shipment The gica.se stoiago tanks are foui 
in number, with a total capacity for stoinig 15,000 gallons of giease 
The storage tanks aic'*so piped that the giease can lie pumped into any 
one of the tanks, 01 be diawu off and dischaigc^d into 1 ail way tank-cais 
foi tiansport 

“The liijuoi as it comes from the pre.sses caiiies moie 01 less soIkIs in 
suspension THicso .solids aie known as muck and silt The muck 
settles at the bottom of the tank, and tlio .silt rises to the top of the 
watei just below the gi^ease By means of a pipe connection the iniick 
and silt are drawn off by a magna pump and dischaigod into a muck 
tank, winch i.s similar in design to the sepaiating tanks The solids 
trom the muck tank are placed in a screw press, from which the lujuoi 
flows to the catch-basins and the solids are placed in the conveyoi 
leading to the drying -room 

“ The tank water, aftci the giease has been sepaiated, is diawn off into 
a large stoiage tank outside the building The first and sixth separating 



MODERN DESTRUCTOR PRACTICE 


248 

tanks aie piovideJ with a large control valve, so that the liquor can he 
raised or lowered to any desired height in the tanks The tank water 
from the last separating tank is drawn ofl‘ about 4 ft from the top, and 
so piped as to trap the grease This allows the liquor to be pumped into 
the tanks continuously, with only the tank water flowing to the stoiagc 
tank, leaving the giease to be drawn off as desired into the ti eating 
tanks 

' The tank water fioin the storage tank goes to a tuple-effect evapoui- 
tor, so as to recover the 5 to 7 per cent of solids in solution The 
evaporator is made up of three lound-bodied cast-iiou pans, 8 ft in 
diameter, and built especiall^^ for the conditions to be met m liandliiig 
garbage tank water All the parts that come in contact with the liquor 
are made extra heavy, and the third pan is made with a special bottom 
foL removing the solids that accumulate Ths total heating surface in 
the three pans is 2554 sq ft , made up of No 14 old-gauge brass tube 

in m diameter The tubes aie placed hoiizontally, and secured in 
position by means of gaskets and packing rings 

“ The evapoiator is capable of concentrating 1500 gallons of tank watei 
per hour fiom 7"" to 22° Beaume, using exhaust steam at 5 lbs piessure 
and a vacuum of 25 in on the thud pan By use of the lound bodies all 
internal bracing is discarded and the pans constiucted with fewei joints 
Each effect is equipped with an internal sepaiatoi to pie^^ent entrain- 
ment, manhole, \acuum bieakei, vent pipe, foui peep holes, internal 
electric light, and the necessaiy gauges The condensation is handled 
by condensation pumps, and the concentrated syiup is drawn ofl hy a 
magna pump and dischaiged into a storage tank on the second floor of 
the drying department 

“ The feed pump to the evapoiator is provided with a neutialismg geai 
and connected to a tank containing a neutralising solution By means of 
the neutralising gear the required amount of solution is mixed witli the 
tank water to neutralise the acid, so as to pi event it attacking the 
metal The vacuum is maintained hy an 8-in by 12-m by 12-m con- 
densei pump of the injection type 

“The solids from the lollei presses, after they are delivered to the 
drying departnitiiit, are fed into a levolvmg cylindrical dryer This 
dryei is constiucted with a steam jacket, and the inner shell is pio\ ided 
with lifting angles m short lengths arianged so as to have fiee expansion 
and contraction The lifting angles caiiy the material well up on the 
using side of the diyer The heat foi drying is obtained from the steam 
jacket and radiator coils, which are at the discharge end of the diyer 
The radiatoi consists of fom sets of coils, ^^hlch aie 5 ft high hy 6 ft 



UNITED STATES AND CANADIAN PRACTICE 


249 


Wide, and made of standaid I -in. pipe The coils are coveied with a 
housing winch is connected to tlie leai end oi‘ the diyer A small cast- 
11 on blower is connected to the leai ol* the housing, and when 
lunnuig discharges an thiongh the coils, and then into the shell of the 
diyev At the feed end of tlie diyei js placed anothei cast-iion blowei, 
which exhausts the satin ated an, and discharges it through a condensei 
towel, and then to tlio boiler Hue Tlie uiatciial to be diied is fed into 
the diyei contnuiuusly, and diaehaiged by means of a short spiial 



Fid 100 — C’lLy (>j Cciliimlms (Ohio) Oiuhago Puductioii Woiks, vu'w of duvG mid of Diyms 

convcyol at the op])osito end iiiatenal is made to jiass through 

the diyer by tlie inclination at wluoli the cyhndei is sot Tlio shell 
revolves on tiunuious, and is dnven by a I O-H P motor diicctly connected 
by spin gearing 

“The diy mateiial fiom the revolving dryei is elevated to the second 
llooi and passed through a icvolving screen The scieened tankage is 
then placed in the vacuum or mixing dryers, and the concentrated syiup 
from tlie evapoiatoi is added Tlie dry libious matcual acts as a filler, 
and enables the moisture in syrup to be diiven ofi‘ Tlie addition of the 
syrup to the fibrous tankage })roduccR a Inghei giade of tankage from a 
mechanical and fertilising standpoint The vacuum drveis are two in 
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numbei, and constiucted with a 2 -in steam space between the ontci and 
inner sliell The diyeis aie 15 ft long and 60 in in diameter Through 
the centre of each dryer is a shaft to which paddles are attached i'oi 
agitating and mixing the material When dry the niatciial is dis- 
charged fiom the dryei into a spiial conveyor connected to an elevatoi 
which discharges the tankage on to the third floor, wheie it is stored 
until shipment 

“ Tlie city now has under consti action a peicolating plant to be used in 
the exti action of giease fiom the diy tankage, as only about one-half of 



Fig 101 — City of Columbus (Oliio) Gaibage Reduction Woiks Tankage 


the available giease is recovered by means of the pi ess The peicolating 
plant will consist of extractor, vaporisers, condensers, and storage tanks, 
and will be located in a small building just west of the mam building 
The electric current for both lighting and power is furnished by the 
municipal light plant at a cost of cents per kilowatt-hour An 
independent motor is connected with each powei-driven unit, and 
operated with 440- volt, 60-cycle, two-phase cuiient The boiler plant 
consists of thiee horizontal tubular boilers 78 m in diameter by 20 ft 
long Two of the boilers are in regular service and the third is in 
reserve. 

“The buildings are constructed tiieproof throughout, having concrete 
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foundations, steel i'lanie and 
roof trusses, reinforced con- 
ciete floois, buck walls and a 
hollow teiia-cotta roof tile, 
covered with a built-up four- 
ply composition felt and as- 
phalt loohng The exterioi 
andinteiior walls of the build- 
ing are laid up with a high 
giade, impel vioiis, wiie-ciit 
face liiick The construction 
of all paits, so fai as possible, 
was made to agiec witli tlie 
best modem pi actice employed 
in building construction 

‘‘ The approximate cost 
of the plant was 80,000, 
divided up as follows — 
Giading and levee, $11,000, 
buildings, $70,000, gaibage 
inachiiiciy, $60,000 , power 
and conveying machinery, 
$30,000 , 1 ailway ti acks, $3000 
The construction of the plant, 
including the buildings and 
machinery, was cained on 
under ten separate con ti acts 
Tlie buildings were built by 
D W M Chath, of ColumbuM, 
Ohio Tlie power plant e([Ui-' 
valent was installed by the 
Win H Conklin Company, 
Columhus, Oliio The digest- 
ing, pressing, and grease- 
separating equipment was 
furnished by the Kutztown 
Foundiy & Machine Com- 
pany, of Philadelphia The 
conveying machinery was 
installed by the Jefficy 
Manufacturing Company, of 






252 


MODEBN DESTRUCTOR PRACTICE 



Columbus The cliy- 
ing machinery was 
installed by tlie C 0 
Baitlett & Snow Com- 
pany, Cleveland T 1 1 e 
evapoiator was sup- 
plied by the Zaremba 
Company, of Buffalo, 
NY 

“ The Columbus 
plant contains veiy 
little experimental 
machinery, although 
111 a numbei of ways 
it ditieis fiom other 
1 eduction plants The 
chief diffeience is in 
the sepal ation of 
grease in closed tanks 
and the conclensing 
and deodoiising of the 
gases The evapoi a- 
tion of all the tank 
watei m a tuple-effect 
evapoi atoi is entiiely 
new in the disposal 
of garbage, although 
used extensivel}^ on 
tlie tank watei in the 
lai ger packm g -houses 
It was not the inten- 
tion in designing the 
Columbus plant to 
ti}^ expeiimental ma- 
chinery, but lather to 
assemble machmeiy 
of known and tiled 
types to then best 
advantage, and only 
such as had pioved 
satisfactoiy in othei 
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plants The plant was designed with the idea that by use of the 


reduction process tlie 
garbage could be dis- 
posed of at the least 
cost, and at the same 
time in a perfectly 
sanitaiy manner 

'‘After three 
months of operation 
the plant has more 
than met all expecta- 
tions, as tlie returns 
from the sale of bye- 
products have 11101 c 
than paid for tlie 
cost of disposal Tlie 
actual results obtained 
we will leave until 
the plant has been 
in opeiation several 
months, and havS had 
a chance to demon- 
strate just what can 
be done in the dis- 
posal of gaibage by 
the 1 eduction process ” 
The Columbus 1 educ- 
tion plant IS fully 1] lus- 
tiated in figs 92 to 107 
From peisonal ob- 
servation, the author 
is able to say that 
the reduction works 



at Columbus, Oliio 


are free from those 
objections whrch have 
been the subject of 
contrnual complaint in 
connection with reduc- 
tion works generally 

The fact that these works are operated without 



offence is accounted 


Fro. 104 — City of Coliniibus (Olno) Gaibage RedviLtion Woiks Section tbiough dryei room 
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for by reason of the gieat attention which Mr Osborn has devoted to 
those points which some would term unimportant details. 

The pnmaiy object of a municipality, as the sanitaiy and health 
Luthorityj must be the opeiation of woiks of this kind without offence 
Jus being accomplished, every effoit should be put foifch to place the 

< _ . __ . . j undertaking on a sound financial 

basis, m shoit, to be self-sup- 


^ Doors tnTbpr 



with Digesters 

\ 





Fig 105 — City of Columbus (Ohio) G-arbage 
Reduction Works Receiving tanks. 


poiting, which IS all that can 
leasonably be expected m con- 
nection witli a sanitary dejiart- 
inent 

As already obseived, the 
piimary object — indeed the only 
object — of a comjiany operating 
a reduction works is to make 
money While undei municipal 
ownership inoiiej^ is spent fieely 
in impiovements and in elimi- 
nating the possibility of nuisance, 
under the control of a company 
the period and terms of the 
agieement ofiei hut little if any 
incentive to spend any money 
over and above that which is 
absolutely necessaiy for the 
maintenance and opeiation of 
the woiks, hence such woiks 
have too often proved to be a 
serious nuisance, even to those 
lesidmg a consideiable distance 
tlierehom 

When discussing retuse dis- 


osal with Commissioner Briggs, Chief of the Public Health DejDart- 
lent of the city of Milwaukee, the Coinmissionei told the author that, 
1 his opinion, one of the most important future developments would be 
lie combination of destructors with gaibage i eduction woiks 

The fact that a consideiable quantity of steam is requiied at a 


aibage reduction woiks, and that under the oidiuaiy conditions the 
oal bill is a very seiious item in the opeiatmg charges, is all m favoui 
f the combination of a refuse destiuctor winch, while disjiosmo of 


ubbish or ashes, oi botli classes of waste, would, in all j)i'Ghability, 
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LiT'iiish ilio Avholc of the steam requiied, not only in the 1 eduction works, 
Tii for all purposes 111 both works 




Fl(, 106 -Oily of Columbus (Ohio) Gmluge lleduction Works Rollei p.ess 


The author is lu cordial agieeraeiit obSS 

conceinnig the possibilities of tins combination, which ofters such ob . 

to investigate the refuse-disposal pioblem in Anieiican 
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Cities witlioiii being vividly iinpiessed with its complex ehaiacter and 
extent 

Tlie following liguies extiacted from the leport of the Depaitment of 
Stieet Cleaning, New Yoik city, for the yeai 1909, accounts for the 
disposition of 3,159,274 caiLloads of ashes, iiibbish, and gaibage collected 
duiing that yeai, the ashes alone exceeding million cartloads 


Boroughs of Manhattan, The Bronx, and Biooklyn 


At soa and behind bulkhead 

1,741,4051 

At Bairoii Island (gaibage) 

332,045' 

At pi ivate dumps 

158,3431 

At inland „ 

]85,008i 

At incnieratois 

23,974', 

At 97th Stieet Dock 

57 

Capsized 

400 

By Boiough Development Co, Biooklyn 

718,040 


Total Cartloads 3,159,274 


The dumping of rubbish at sea, a source of frequent complaint owing 
to the dolileinent of beaclics, has been abandoned, and is only likely to 
be lesoitecl to in the event of a seiious stiike 01 other emeigeucy 
For some ycai's past consideiable quantities of ashes have been lemoved 
by scows to Biker’s Island and there utilised foi reclamation and land 
filling, which work pioiinses to be exceedingly useful in eventually 
placing at the disiiosal of the city upwaids of 160 acies of valuable 
land 

Fig 108 illustrates tlio loading of scows at Canal Stieet dump, New 
Yoik, lor Bikci’s Island 

The ashes and lubhish collected in Biooklyn aie conveyed in specially 
consirueted cais ovei the tiack of the Biooklyn Bapid Transit Company, 
and utilised foi land filling, principally on low-lying meadows in the 
vicinity of Coney Island In fig 109 is shown one of the huge cais fioin 
winch ashes aic being dischaigcd direct fioin the steel bins 

The question of disposal by lire has not aroused much interest on the 
patt of tiro Depaitment of Stieet Cleaning in New Yoik up to the 
present Having in mind that tlie ashes and garbage disposal methods 
aio organised and Lliat some of the rubbish only icuiains to be dealt with, 
the lack of interest m ciemation may to some extent be accounted foi 
As already observed, the ashes arc utilised 111 what would appear to be a 
profitable manner , the gai bage is taken to the Barren Island reduction 
woiks, which works have already been described 

There is little doubt that had it not been for the umsatistactoiy 
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Fig 112 — Sorting light Kifuse on Sco\\i>, Cmial SticcL, Xcw Yoih 

The two mcmeratois erected in New Yoik aie located at 47th Stieet, 
ifl Delaney Street, under Williamsbuigli Budge These woiks aio 
lustrated in figs 110 and 111 lespectively 

The composition of light refuse or rubbish is shown in fig 112, winch 
lustrates the sorting of tins mateiial on a scow at a wateiside dump 
L New York 

THE COMPOSITION OF REFUSE 

While it has beemknown foi many yeais past that the ashes collected 
L the city of New York during the wiutei mouths contain appi'oxnnatcly 
) per cent of recoverable coal, very little data conceinino the composi- 
on of waste generally has been available 
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Coiiiiiiclcnily witli the cvoi -inc leasing mtoiest m sanit-aiy disposal 
much data has lieen com})iled, more paiticiilaily within the past three 
yoaivS, and will be ibund both interesting and useful to the student and 
the ciigineor 

The tables and data lieiein included liave been brought toofether m 
this chaptei so as to be a\ailable in convenient foiin foi eas}^ lefeience 
Talile XXXA^II has been compiled by tlie author fioin lepoits piepaied 
by Ml R H Tlioinson, city Eiigineei of Seattle (Wash h Mi Rudolph 
Heiiiig of New Yoik, Mi J T Fotlieiston of Richmond, NY, and Mr 
X H Goodiiouoh of Boston, Mass Fig 113 very cleaily illustrates the 
j^osiiion in tlie city of Boston, where the percentage of aslies collected is 
exceedingly Ingli 



Em 113 —Boston (Mass ) Diufriani sliowiii irrelative Weights of Refuse pei capita pei annum 


Tables XXXVIII and XXXIX afford useful information concerning 
the refuse of San Fiancisco, Cal, while Tables XL and XLI bring 
together interesting comparative data conceinmg the refuse of San 
Fiancisco and Richmond, N Y 

In T^ablos XLII and XLIII will be found moisture teats, proximate 
analyses, and calointic values of components of Clifton distiict, N\ , 
mixed lefuse, Ijy Mr J T Fctliciston 

Chemical analyses by Professor S F Peckbam of dry composite 
samples of coal and cinders, garbage and rubbish, as collected m 
Richmond, N Y , in 1 905-6, are set foith m Table XLVI Figs 114 and 
115 arc diagrams prepared by Mi J T Fetherston as the lesult of 
exhaustive experiments with the refuse of West New Brighton, NY 
Fig 116 illustrates garbage compression tests conducted at the Ledeile 
Laboratories, New Yoik, with a view to detei mining the amount of 
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Fig. 114 —West l^'ew Biigliton (N Y ) Diagiam showiig Monthly Vauations 
in Composition of Refuse 
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Fig 115 — West New Biigbton (N Y ) Diagmm showing Seasonal Vaiiations m the 
Quality and Composition of the Refuse 
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liquid wliicli could bo extracted fiom tlie fresli garbage ol New York by 
compression One cubic yaid of garbage rvas placed in a cybiidrical 
vessel 3 ft in dianiotei and 4 ft deep 



Fig 116 , —Diagram showing results of Piessuie Tests foi the extraction of Moisture 
fiom New Yoik Gaibage 


Weights of 438, 1069, 1694, and 2330 pounds, corresponding respec- 
tively to 60, lr50, 240, and 330 lbs per sq ft , were jilaced on the gaibage, 
and the water drawn off at recorded intervals and measuied 

111 Tables XLIV and XLV veiy complete details of analyses of New 
Yoik ashes and rubbish are given 
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Table XXXVII —CojirAiiviivE Table birowiNa varyiko Percentages of GAitBAOE, 
RuBBrsir, a^d AsiiLb dttuing faoh Month, in SrAaTLr (Wash), AIilwaukif 
(W is ), Clip I ON (N Y ), and BosroN (MASb ) 



1 Gaibage, pel Cent 

Rubbifah, 

pel Cent 


Aalies, ] 

pei Cent 
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ID 

1 _ 
p" 
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IcT ' 

1 (D 

1 * 

1 I 

p" 1 
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Chftoi 

1 , N Y 
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02 

^ ta 
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01 

0 

■W CD 

S fe 1 
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P « 
1^ 

gx 
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0 

+j 
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Fine 1 

Coni and 
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QO 
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Ash 

1 Cm dels j 


Jan util y 

25 1 

31 7 

20 1 

11 9 

i 26 8 

65 6 

8 0 

11 I 

44 0 

' 1 

39 6 

' 22 8 

i 75 9 

Feliiuaiy 

30 3 

30 3 

21 3 

11 3 

22 8 

56 7 

7 2 

10 2 , 

.31 3 

38 7 

22 6 

77 4 

Vlaich 

22*5 

36 7 

24 7 

11 3 

23 2 

56 7 

7 9 

10 8 , 

43 5 

36 1 

21 6 

76 7 

Ipul 

17 6 

31 

31 7 

11 2 

24 1 

35 0 

10 3 

11 5 

‘472 

30 9 

16 6 

76 1 

vlay . 

20 

38 7 

34 7 

1 12 3 

22 0 

50 0 

13 9 

12 2 

42 0 

2G 5 

13 3 

74 1 

'une 

22 2 

53 7 

41 5 

15 0 

21 3 

41 3 

16 1 

14 7 

37 8 

19 1 

11 3 

6S-b 

uly 

17 2 

52 

47 3 

15 6 

23 5 

34 0 

17 3 

14*9 

29 5 

14 2 

8 4 

68 8 

LUgUSt 

7 9 

56 7 

51*0 

16 1 

27 9 

34 7 

16 0 

14 6 

34 8 

14 2 

8 0 

67 5 

epteinbei 

33 3 

51 

49 4 1 

16 1 

22 5 

34 0 

16 3 

14 7 

38 4 

13 6 

8 5 

67 2 

'ctohci 

34 1 

, 44 3 

1 5 1 

16 4 

12 2 

38 0 

13 0 

14 4 1 

43 7 

27 4 

13 9 

68 6 

November 

29 4 

’ 38 

' 26 1 

13 7 

15 9 

47 3 

9 9 

13 3 

51 4 

35 7 

18 8 

71 6 

'ecembei 

29 3 

30 7 

’>2 1 

1 

12 5 

14 6 

57 0 

8 8 

11 6 

54 5 1 

1 

37 S 

21 5 

74 8 


Lf’ioni page 361 of the Transactions of the Amciican Society of Civil Engineeis^ 
lx , 1908 


LE XXXVIII — Shoavinq- the Weight and Volume of Refuse from eaoh Section 
OF THE City delivehld to the Plant of the S^niiahy Reduction Works, San 
Fjianoisoo, during the Nineteen Weeks beginning October 11, 1908, and 
ending February 20, 1909 


Refuse | 

Collected 
fiom 

Total Refuse 

Ashes 

1 

Garbage 

* Retl 

Unit Weight 
of Refuse m 
lbs pel cub ft 

■tion I 

Lbs 1 

6,621,113 

Tons 

3,311 

,Cub Ft 
' 18,655 

1 Cub Ft 

1 79,986 

Cub Ft Cub Ft 
96,923 195,564 

33 8 

tion II 

29,268,083 

14,634 

60,921 

123,013 

' 337,014 

596,903 

994,838 

29 4 

tion III 

52,016,163 

26,007 

660,801 

1,098,137 1,781,961 

29 2 

tion IV 

13,048,182 1 

I 6,624 

41,011 

156,798 

183,960 

381,769 

34 2 

Total . 

100,952,531 

50,476 

1 

243,600 

1,134,699 

1,975,923 3,364,122 

30*1 
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Tablk XXXIX —Showing 'ihe Total Quantity 01 RirrcsL ooLLroTi d in thi Year 
190S, Em IMA 1 ICE EROM Dai A obtainke i-rom tui] Sanitar!) Rkducjjon Works, 
San Francisco, and siiowing the Pkorable Quantiiies or Ashe-s, Garbage, 
Rubbish, and Manure oollicou-d, as oomtuied from the Dvia obtainj-d by 
Inypstioaiion by Tin- Board of Public Works 



JSbLi mated 
Avui ige 
foi the Yeai 

Quantity ol Rtfiisc LoUected 
m 1908 


Tons 




])ei Week Bay 

Tons 

Cuhic Yaids 

Ashes 

43 

13,b00 

24,000 

Gai bago 

199 

63,000 

114,000 

Rubbish 

104 

61,900 

178,000 

Manuie 

•27 

8,400 

21,000 

Tolal 

433 

]3(),900 

337,000 


Table XL — Comtartng the Borough of Richmond, New York, Scttember Refuse, 
with the San Francisco Refuse as regards Heating Value and Composition 



Unit Weight of 
Refuse m lbs 
per cub ft 

Percentage of 
Combustible in 
Refuse by Weight. 

Percentage of 
Incombustible in 
Refuse by W eight 

Peicentage of 
Moistme in 
Reluse by Weight 

^ A! 

^ -M 

'd 2 3 

{5 .5 ft 

ta <L. S: 

ffi +- 

Heating Value of 
Refuse as col- 
lected in B T U 
per lb 

Now Yoik — 







Septembei * 

32 0 

30 4S 

33 69 

35 83 

10 710 

3 265 

San Fiaucisco — 







Section I 

33 4 

22 0 

31 5 1 

1 46 5 

11 040 

2 425 

Section II 

28 9 

26 6 1 

24 3 1 

49 1 

10 150 1 

2 709 . 

Section III 

28 4 

21 8 

26 8 

51 4 

10 631 

2 312 

Section lY. 

36 3 

21 1 

32 9 

46 0 

10 700 

2 247 

Aveiage, San Fi an cisco 

29 7 

1 

22 9 

27 2 

49 9 

10 530 

1 

2 410 


* Computed from data given m tables on pages 362 and 404 of the Transcuiiwns of the 
Ameiioan Society of Ciml Engmeeis, vol lx , 1908 
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Table XLI.—Compaiung the Combustible INIateriais in the Refuse oolleotid from 
Various Sections oi< San Franoisoo with the Combusiible Materials in the 
RLFU t-E COLLECTED IN I HE BoROUGH OF RICHMOND, IN^EW YOUK 



Peicentage 1 

Peicentage 

Percentage 

1 pGicentago 


of Carbon 

of Hydrogen 

of Oxygen 

of Niti ogcii 


in Refuse 

in Refuse 

in Refuse 

in Refuse 


by Weight 

by Weight 

by Weight 

by Weight 

New Yoik— 

Septembei * 

17 10 

2 12 

10 00 

1 26 

San Fiaiicisco — 

Section I i 

13 1 

1 7 

6 7 

5 

Section 11 

15 2 

1 8 

9 0 

6 

Section III 

13 4 

1 6 

6 3 

5 

Section IV 

13 0 

1 4 

6 2 

5 

Average, San Fiancisco 

1 13 9 

1 7 

6 8 

5 


* Computed from data givon in tables on pages 352 and 404 of the T) ansactions of ilia 
' tuei lean Society of Ciml ^ ’x , 1908 

t The above values fo i. ■ » were obtained from the samples fiom which the 

lilies shown in Table XL weie determined 


Table XLTV — Ashes 

Analyses A, B, and 0 weie made by Messis Simonds and Waiuwiight on Maich 29, 1904 
Sample A was taken fi om Clinton Street dump, Manhattan 
Sample B was taken from Stanton Stieet dump, Manhattan. 

Sample C was taken fiom Webt Forty seventh Stieet dump, Manhattan 
Analyses D and E weie made by the Ledeile Laboiatoiies at the request of the Commission 
Sample D was taken fiom West Foi ty-seventh Stieet dump, Manhattan, on Septembei 23, 
07 

Sample E was taken from East One-Huudred-and-Seventli Street dump, Manhattan, on 
tober 1, 1907 

Analyses of Ashes from City Dumps 



A 

B 

C 

D 

E 


Per Cent 

Per Cent 

Per Cent 

Pei Cent 

Pei Cent 

VIoistuiP 

1 69 

0 SO 

0 83 

0 93 

1 20 

v^'clatile combustible matter 
?ixed caibon . 

j- 36 12 

31 77 

35 44 

f 21 71 
\ 22 17 

13 39 

20 87 

flue ash 

62 19 

67 43 

63 73 

56 19 

61 64 

Total 

100-00 

100 00 

100 00 

100 00 

100 00 

loisture in origmal sample ^ 




1 42 00 

22*86 

Lualyaes calculated to original material — 





Watei 




42 00 

22-85 

Volatile combustible matter 




12 71 

10 45 

Fixed carbon 




12 98 

16 30 

True ash 




32 31 

60 40 




Total 

1 100 00 

100-00 
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T^^ble XLIV —contd 

Aiialj^ses F , G, and H ^voie made by Messi& Simonds and Waimviiglifc on Febiuaiy 10, 1904 

Sample F is a&h fioru an o})eii giate biuinng English Caniiel coal, and was taken fiom 
piivate lesidence in Manhattan 

Sample G is ash fioni a stove biiimiig antbiacite, size “Stove Ko 2,” and was taken m 
anhattan 

Sample H is ash taken fiom a hot an furnace buiniug anthracite, egg size, and was taken 
01 a a private 1 evidence in Manhattan 

Analyses J , K, and L weie made by the Ledeile Laboratories at the lequest of the Commission 

Sample J was taken tiom a inivate lesidence on East Thiity -eighth Street, Manhattan, 

1 Septembei 23, 1907 

Sample K was taken fiom an apaitment house on Octohei 30, 1907 

Sample L was taken fiom a hotel on October 30, 1907 


Anvlyses of Household Ash 



F 

G. 

H 

J 

* K 

L 


Pei Gent. 

Pei Cent 

Per Cent 

Pei Cent 

Per Cent 

Pei Cent, 

Moisture 

1 

0 64 

0 36 

0 06 

1 44 

0 SI 

0 62 

Volatile combustible matter 

|21 83 

S 83 

13 44 

/ 16 03 

3 04 

0 87 

Fixed cai bon 

\17 37 

27 71 

31 96 

Tuie ash 

77 53 

90 SI 

86 50 

66 lb 

68 44 

66 55 

Total 

100 00 

100 00 ^ 

100 00 

100 00 

100 00 

100 00 

j ]\Ioistuie m original sample 

1 

1 


1 

30 00 

27 ol 

11 62 

Analyses calculated to oiiginal mateiial 






Watei 




30 00 

27 51 

11 62 

Volatile combustible mattei 



10 67 1 

2 22 

0 7S 

Fixed carbon 




13 34 

20 25 

28 42 

True ash 




46 99 

50 02 

59 IS 

1 


Total 

! 

100 00 

100 00 

100 00 


This Commission communicated with large coiisumeis ot coal fur steam uses, and some of 
the replies gave the following result^) — 

Combustible Matter 
19 70 per cent 
23 00 „ 

22 00 


Pteply Ho 1, hlanhattaii 
Reply Ho 2, ]Maiihattan 
Reply No 3, Biooklyn 
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Table XLY 
Rubbish 

k.nalysi 3 A was made by the Ledeile Laboiatoiies at the lequest of the Oonnnissioii, on 
]sh as dehveied at Delaney slip, Manhattan, Octobei 1907 

Liiahsi'i B T^as made by the Ledeile Laboiatoiie*? at tlie lequest of the Coiuinissnm, on 
ibh as dehveied at the West Roity seventli Stieet dump, ^[aiiliattaii, Oclobei 1907. 
nahsis C was made by eic-Commissionei J\ra 0 donougli Giaven on Now Yoik uibbisb 
naljsis D was made by H de B Pai&ous on lubbisli at the Dehiiicoy sli)) sliition, 
jattau, Decembei 1905 

nalysib E was made by F W Steams, of the Depaitmcnt of Stieet Cloaning, at tlio 
leth Street dump, Manhattan, October 1904 

nalj'sis F was made by F W Steams, of the Depaitment of Street Cleaning, al tho West 
" seventh Street dump, Manhattan, Octobei 1907 

Mechvmcal An-al\ses or Rubbish in PERCHNiAor of Wfioiit 


Peicentage ol Total Peicentage Picked Out 

Combustion as Maikctablo 

Component Paits _ 



A 

B 

C 

D 


F 

s 

3 70 

2 90 

15 50 

i 60 


2 78 

ber 



0 10 




her ' 



1 80 




»d 

12 50 

31 50 

1 40 


7 30 

S 01 

als 

6 30 

3 70 

3 30 

0 SO 

1 30 

4 10 

s 


1 20 

2 90 


1 40 

0 70 

ging 






0 30 

jets 



j 



0 57 

*3 






0 39 

3 






0 03 

3 and string i 






0 23 

w 

39 00 

25 90 

75 00 

25 10 

33 30 


spaper 






10 94 

ila 






2 64 

eboard 

1 

i ; 





10 35 

’d 






6 16 

IS 

r niateiial 

as 50 I 

; 34 SO 




0 55 

1 maiketable 

1 wo I thless 



1 

(30 86) 

69 14 

(43 30) 

56 70 

(48 80) 
51 20 

ToUl 

100 00 j 

1 100 00 

' 100 00 

100 00 

100 00 

100 00 


erage of t«o chemical ana^sta of diy lubbish made of material dehveied al Delaney 
^tion, December 190:., by D C Johnson — 


Nitrogen 
Hydrogen 
Cai bon 
Ovy'-gen 
Ash^ 


Per cent 
1 00 
6 60 
45 81 
39 01 
8 6S 


Total 100 00 


Average percentage of water in original sample, 11 -50 pei cent 


I 
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Taclu XLV —umtd 

Aualysifa calciiULecl to ongiiidl matciial coutauimg 11 50 poi ccut watei — 

Pei cent 


Watei 11 58 

Nitiogoii 0 89 

Plydiogen 4 96 

Gaiboii 40 54 

Oxygen 34 52 

Ash 7 59 


Total 100 00 

c! D C eToliiisoji of the ealoiific value ot diy lubbibli dehveied at Delaucy 

felip bUtioii, MinihaUan, Decembui 1905 — 

BTU 


Sain]>le Ko 1, by M.ihki Caloiimelei 7,810 

Sample No 2, ,, „ 7,750 

Sam])leNo 3, ,, „ 7,5S0 

Sample No 4, fium cheniiLal analysis 7,150 


Table XL VI 


Cliomical Analysis of Diy Composite Sanijiks ot Gual and CiiiJeis, 
Gaibage and Kubbish 1905-OG 


1 

Coubtitueutb 

Coal and 
Ciiidtib 

Gai b age 

j Rubbish 


P. 1 Cent 

Pei Cent 

1 Pei Cent 

Cdiiboii 

55 77 

43 10 

42 ,59 

Hvdiogen 

0 75 

b 24 

5 9b 

Nitiogen 

0 64 

3 70 

3 41 

Oxygen 

i 2 37 

27 74 

33 52 

Silicd 

30 01 

7 56 

6 49 

lion oxide and alumina 

8 98 

0 41 

2 Oi 

Lime 

1 21 

4 2b 1 

2 2b 

l^Iagnesia 

Tiaco 

0 28 1 

0 57 

1 Phobplioric acid i 

None 

1 47 

0 10 

Oaibonicacid 

Nuiie 

0 59 ! 

1 49 

Lead 

Tiaee 

0 20 ! 

0 52 

' Tiu i 

Tiacu Sulphides 


Trace 

1 Alkalis and iindetci mined j 

0 27 

4 45 ' 

1 21 


Calorihc Values in British Themal Units 

Calculated hum above analyses 8,382 7,970 7, *250 

Aveiage ot caloiimetei deteiniinatious 8,510 S,351 7,251 


Dm mg the next few yeais much piogiess will be made both m 
Ameiica and Canada in final and sanitaiy lefuse disposal At the 
pieseiit time the diffitulty of finding a piofitable use for the steam 
generated tends to opeiate to some extent against the moie extensive 
adoption of desti actors of Biitish types 

Theie aie distinct signs that this is only a passing difficulty, and 
that ways and means foi complete utilisation <jf the steam -nill I>e found 
The pieseut difficulty is due to the fact that the idt^a of municipal 
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ownership of the public utilities has not yet caught the civic fancy to 
anj^ consideiable extent There is, however, but little doubt that future 
nfiuuicipal admimstiation in America will follow closely u.j)on the best 
Biitish lines Fianchises have limits, and tlie granting of concessions is 
ly no means as popular now as was the case a few yeais ago Theie is 
in inci easing demand foi public control, and this must and will lead to 
lie acquisition of the public utilities to be opeiated loi the benefit of the 
>eople. 

Wliile it is very desirable that wherever possible the power available 
lom refuse should be fully utilised with a view to avoiding waste and 
icuiing a definite levenue to set against and reduce the capital and 
jauding chaiges, yet it must be obseived that, as a destiuctor puie and 
mple, the British furnace is in eveiy lespect vastly siipenoi to any 
lueiicau furnace yet devised 

Tins being so, then there should be a future for destiuctois which aio 
it designed or equipped for the production of moie steam tliaii can be 
alised in connection with the woiks Such destiuctois will in all 
obabihty cost inoie than Ameiican furnaces, but the important points 
be observed aie (1) that American furnaces liave an unsatisfactoiy 
cord covering many years, (2) that it is exceedingly difficult, if not 
ipossible, to operate most furnaces of American design without 
usance, (3) that they are costly to opeiate and generally expensive to 
xiutam, wheieas British destructors can be operated with an absolute 
iinunity from nuisance , they are designed as the result of a very long 
d extensive experience, they are of proved meiit, can be opeiated 
eaply, and cost but little for maintenance In shoit, they aic entiiel^'' 
ie from the many objections which have been uiged against Ameiican 
maces, and are being opeiated with satisfaction in every civilised 
intry 

In the past the complaints concerning the unsatisfactory manner in 
uch tenders have been invited and adjudicated upon have been fiequent 
i well-founded It has been urged that the firm whose tender was 
i^est and whose guarantees were highest was invariably successful in 
uring the contract It has been contended that no credit has been 
en for an established reputation 01 good design, that every encourage- 
nt has been given to those who have had no experience, and who have 
n prepared to incur the most serious risks, fmther, that the whole 
tein or lack of system in the compaiison of schemes and tendeis 
cured those who had no intention of using good materials, or in any 
se giving value for money. 

With a view to initiating a defimte basis for the comparison of 
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tendeis on ceitain clearly defined lines, a system of coinpaiison was 
introduced some foui j^eais since, winch may be briefly desciibed as 
follows — 

Tenders are invited for a destructor and ceitain accessories to a 
specification In addition to quoting a \xxm^ sum piice for fuinishino 
and electing' the complete destructor installation, those tendering are 
requiied to guarantee the cost pei ton for destruction in accoi dance with 
the test reqmieinents, and for the guidance of those tendering the 
following 01 siinilai information is embodied in the specification 

Award of Contract. — "The bids will be compaied, and the con ti act 
aAvarded to the lowest lesponsible bicklei upon an annual expense basis 
determined as follows — 

" To 10% (ten pei cent ) of the total cost of the installation, including 
building, clnmney, destiuctoi, and appurtenances, shall be added 12,000 ^ 
times the guaranteed cost of supei vision and laboui pei ton of mateiial 
incineiated, accoi dmg to the test lequiiements, the sum of the above tv o 
items being assumed to lepiesent the value of the jilant to the city 

"In assuming the total cost of the installation, (a) the chimney shall 
be assumed to cost , (h) the building shall be figuied at 

cents pel cubic foot of content, depending upon the spacing and area 
required by the destiuctor portion of the woit, to which shall be added 
(c) the bid 01 estimate for the construction of the destructor and aiipur- 
tenances 10% (ten pei cent ) of the foregoing thiee items, a, h, and c, 
shall be assumed to repiesent the annual incuiied fixed charges 

"In detei mining the opez'atmg costs of supei vision and labour, 12,000 
tons of refuse pei yeai shall be assumed as the amount which wiU be 
incinerated 

"Supervision shall be figuied at $ per day of S hours, and labour 
at $ per day of 8 hours , a bcensed steam engineer shall have charge 
of the boileis, engines, and powei appliances He may be called upon 
to assist in the operation of the destructoi, in so far as Ins othei duties 
peimit, hut he shall not be allowed to help m handhng the lefuse before 
it IS incineiated 

" Furnace men 01 clinker men shall pei form an}’ of the duties requiied 
in tlie operation of the plant except tliose 111 connection with the boilers, 
engines, 01 powei appliances, which propeily belong to the licensed 

engineei 

"The rates of wages specified foi supei vision — (a licensed engineei at 
cents pel lioui) and laboui (^fiiinace men oi chukei men at cents 
per houi). with the limitations of duties aheady detailed— shall be used as 

1 This will, ot course, vary accoiding to tin. weight of refuse to be disposed of per aimiim 
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the basis by the contractors in arriving at the maxiinuia giiaianteed 
cost of mcineiating lefiise, in accoi dance with the test ie(|uirementa noted 
in the specification, but no employee shall be permitted to woik more 
than 8 hours in an}^ day ” 

The following summary of bids leceived and compaied on the above 
basis IS of inteiest — 

BUREAU OF STREET CLEANING 
Borough of 

Suinniaiy of bids leceived foi the construction of the furnaces, steam 
>oiler&, and appui tenauces of the destructor, Boiough of 


BID OR ESTIMATE 

No 1 

Lump Slim bid puce for construction $50,350 00 

Guaranteed cost of incineration per ton 0 70 

Basis of awaid — value of plant to city 
on annual operating basis 
luNeatment Ghaiges — 

Cost of destiuctoL as pei bid $50,350 00 

„ „ chimney (estimated by city) 4,000 00 

„ „ budding „ „ „ 

No 1, 254,006 cubic feet at 0 20 50,801 25 

No 2, 170,764 „ „ at 0 20 


No 2 
$67,867 00 
0 50 


$67,867 00 
4,000 00 


34,152 80 


Totals 

Annual Costs — 

10% of total investment chaiges 
Incineiation of ^ 12,000 tons at 0 70 
„ ,, „ „ at 0 50 


$105,151 25 $106,019 SO 

$10,61512 $10,601 98 
8,400 00 

6,000 00 


Totals $18,91512 

Gross costs pei ton 1 57 

Low bidder annual basis as per contract 

No 2 by $2,314 14 


$16,601 98 
138 


At first sight this method of comparing tenders would appear to 
/e much to recommend it, indeed, it is put foiwaidb^?' some engineers 
bhe final word 111 so far as a fan and reasonable basis foi tile coin- 
ison of tenders is concerned Careful consideration, howevei, wdl 
w that it IS open to some serious objections 

It will be observed that the engineer, having fixed the pi ice per 

^ E&lunattid annual tonnage as per contiacfc information and teims 


1 
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cubic foot 111 connection "Witli the builcling'^j this action makes it 
possible lor those tendering who vsubmit plans for the sinallest buildings 
to secure an advantage in price over otheib wlio teiidei foi a loft}^ and 
spacious building , in lact, tlie veiy type of building which is desiiable 
foi the puipose 

Further, this metliod of coinpaii&on, foi the Scaine leason, does not 
encouiago the most seiious attention to the design and lay-out of the 
plant 5 there is eveiy iiiduceineiit to save space 

Those who aie in a position to ofiei an installation winch mateiially 
1 educes the cost of laboui are placed at an advantage, and this may, 
and doubtless will, have the clfect of encouiaging the intioduction of 
untried and e\pcnniental mechanical appai’atus 

Again, lealisiug that the guaiantecd laboiu cost is an impoitaiit 
factor in deciding the con ti act, theie is eveiy induLement held out 01 
the submission of those impossible guaiautees which ha^e so often been 
complained of in connection with Ameiican fuinace-inakeis^ 

In connection with some specihcatious siinilaily diafted, a ciecit 
value is assumed foi the steam, thus encouiaging a high gaaiauteec 
evaporation Tins factor, together with the labour cost and the size o 
building, intioduce elements of a most imsatisfactoiy natiiie especially 
when it 13 lemembeied that the contract is to be awaide to e 


lowest bidder . , ^ 

The author is of opinion that the whole system of compaiing ten i.i'' 
and schemes upon an equitable basis has yet to be settled, and that no 
system can be deemed satisfactoiy oi tinal which has the ettect ul 
encouraging speculation, and which tads to ensuie the best baigam tor 

the purchaser. i , 

While criticising the metliod of corapaiison of tendeis aud schemes 
wdiich is favoured by some few engineeis m the United .states t le 
author does not .suggest that the Bntisli method is the best As a 
matter of fact, theie is no hsed metliod in Great Biitain, aud the lack of 
systematic or methodical comparison is most uufoitunate 

In spite of tlie stock waimug that the lowest oi any tendei will uot 
necessarily be accepted, the fact remains that the lowest t^dei is 
usually favoured It is tine that this couise is often justihed. but, . s a 
geneiJl piinciple. it may be obseised that the lowest teudei 
destiuctor should never be accepted without the closest scrutmi of liot 

the tender and the scheme 


iS 
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